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¾ɟ×x¾ɟØɡ ÞɟØɟɰÜ 

ᵱᵻ ᵲᵬᶋᵡ, ᵯᵾᵲᵦ ᵰ 2023 ᵰ t ᶀᵱ ᵯᶂᵿᵰ γ ᵴ ᵮᶋ r(CGWB) ᵾᵲᵾ ᵴᵾᵙᶂ t  ᴝ  əᵰᵾᵪ tᵺᵅᵜᵾᵴᵪ 

ᵱᵾ (SOP) ᵗᶇ βᵻ βᵿᵷᵗᵿᵺᵦ ŋ  tᵰᵾᵪᵗ ᵗᶃᵦ tᵾᵱ ᵥᵾᵴᶀ ᵬᵲ dᵩᵾ ᵲᵦ ᵲᵾ ᵾᵬᶀ ᵯᶂᵞᵴ ᴝᶁᵥᵷ ᵾ 

ᵿᵪᵙᵲᵾᵪᶀ b ᵱᵾᵺ tᶇ ᵿᵪ ᵗᵹ ᵦᶁᵦ t ᵲᵦᶀ ᵻᶈᶟ e ᵺ ŋ ᵗ ᵬ ρ ᶃᵿ ᵗᶋᵥ t ᵾ ɛ ᶇ ᵱ ᵯᶂᵞᵴ ᴝ ᶁᵥᵷ ᵾ tᶇ ᵿᵴ ŋ

ᵑ  t ᵾᵬ td ᵩᵾᵲᵲᶇᵘᵾ ᵧᵾᵿᵬᵦ t ᵲᵪᵾ ᵻᶈᶟ ᵈᵩᵾᵲᵲᶇᵘᵾ ᵑᵷᵅ ᵷᶃᵿ  ᵰᶂ ᵱᵾᵅᵗᵪ tᶇ b ᵿᵦ ᵲ, CGWB 

ᵲᵾ ᵱ ŋ ᵷ ɑᵺᵅᵮᵅᵿᵩᵦ ŋ ᵞ ᵿᵺᵱ t ᶋ ᵬᵾᵿ ᵗ d ᵩᵾᵲ ᵬᵲ γ ᵴ ᴝ ᶁᵥᵷ ᵾ b ᵴ χᵞᵾᵲᶀ t ᵲᵦᵾ ᵻᶈᶟ ᵱᶇ b ᵴ,χ BIS 

(IS 10500:2012) ᵺᶀᵰᵾ ᵺᶇ b ᵿᵩ tᵬᵾ ŋᴝ  ŋᵰᵾᵪ tᵬᵲ ᵺᵰᵱ ᵲᵻᵦᶇ ᵺᶂᵜᵪᵾ ᵨᵾᵪ t ᵲᵦᶇ ᵻ, ᵿᵞᵺᵺᶇ 

ᵷ ᵲᵦ t ᵾᵲ ᵷᵾᵊ, ᵞᵪ ᵷᵾ ᵱ ᵺᵅᵲ ᵥ β ᵧᵾ ɛ ᵯᵲᵦᶇ ᵨᶂᵹᵥ ᵻᶉᵡ ᵬᶉ ᵺ tᶇ ᵮᵅᵩᵪ ᵰ ᵺᵻᵾᵱᵦᵾ ᵿᵰᵴᵦᶀ ᵻᶈᶟ 

× ᵈᵩᵾᵲᵲᶇᵘᵾ ŋ ᵷ ɑ ᵷᶃᵿ ᵿᵪᵙᵲᵾᵪᶀ 

ᵷᵹ 2023 ᵰ t ᶁᵴ 15,259 ᵯᶂᵞᵴ χ ᵰᶂᵪᶇ ᵑᵗ ᵗ ŋᴝ ,ŋ ᵿᵞ ᵻ SOP ᵨᵸᵾᵿᵪᵨ ᵸ t ᶇ b ᵪᶁᵺᵾᵲ 

ᵈᵩᵾᵲᵲᶇᵘᵾ ᵈᵄᵗᶗᵾ ᵧᵾᵿᵬᵦ t ᵲᵪᶇ ᵻᶇᵦᶁ d ᵩᵾᵲ ᵷᵹ tᶇ ᵬ ᵰ ᵿᵴᵱᵾ ᴝ ᵱᵾᶟ ᵱᶇ 15,259 ᵧᵾᵪ " ᵬᶃ ᵯᶂᵿᵰ 

ᵞᵴ-ᴝ ᶁᵥᵷ ᵾ ᵗ " ᵻ, ᵞᶋ ᵯᵿᵷ ᵱ tᶇ ᵰᶂ ᵱᵾᵅᵗᵪ t ᵾ d ᵩᵾᵲ ᵨᵾᵪ t ᵲᵦᶇ ᵻ ᶟ ᵯᶂᵞᵴ ᴝ ᶁᵥᵷ ᵾ tᶇ ᵟᵾ χ

ᵗᵾ b ᵱᵱᵪ t ᵲᵪᶇ tᶇ ᵿᵴᵑ, ᵉ χt  tᶇ 25% ᵿᵻ ᵺᶇ t ᶋ, ᵞᶋ BIS 10500 ᵰᵾᵪ ttᶇ d ᵩᵾᵲ ᵬᵲ ᵺᵅᵨᶂᵹᵥ 

ᵗᶇ ᵿ βᵺᵅᵷᶇᵨᵪᵸᶀᵴ ᵬᵾ ŋᴝ ,ŋ ᵷᶃᵿ ᵿᵪᵙᵲᵾᵪᶀ ᵗ   ᵗᶇ ᵬ ᵰ ᴥ ᵱᵿᵪᵦ ᵗᵱᵾ ᴝ ᵱᵾ  ɜᵷᵹ 2024 ᵰ, ᵉ  χ

5,368 ᵣ ᵡᶇᵸᵪ ᵺᶇ ᶀ ᵬᶂᵷ-ᵰᵾᵪᵺᶂᵪ ᵷ ᵬ -ᵰᵾᵪᵺᶂᵪ ᵨᶋᵪ g ᵦᶁ ᵰ χ ᵰᶂᵪᶇ ŋ ᵗ ᵗ ŋᴝ ,ŋ ᵦᵾ ᵗ 

ᵰᶌᵺᵰᶀ ᵬᶁᵪᵯ ᵲᵥ tᶇ ᵯᵾᵷ t ᵾ d ᵗᵴ χ ᵗᵱᵾ γ ᵾ ᵺᵗᶇᶟ χ ᵰᶂᵪᵾ ᵺᵅ ᵻᵥ p ᵲ ᵿᵷ ᶇᵹᵥ APHA (2012) 

ᵰᵾᵪ tᵿᵷᵿᵩᵱ tᶇ b ᵪᶁᵺᵾᵲ ᵗᵱᵾ ᴝ ᵱᵾᶟ 

× ᵰᶁᵘ ᵿᵪ ᵗᵹ ŋ ᵷ ɑγ ᵴ ᴝ ᶁᵥᵷ ᵾ ᵰᵾᵪ:t 

ᵉᵺ ᵲᵬᶋᵡ tᵾ ɛ ᶇ ᵱ ᵬᶇᵱ-ɛ ᵬᵱᶋᵙ ᵞᵴ ᵑᵷ ɑtᶃᵿᵹ ɛ ᶇ ᵱ ᵻᶇᵦᶁ ɛᵬᵱᶋᵙ ᵗ ŋγᵾᵪᶇ ᵷᵾᵴᶇ ᵯᶂᵞᵴ ᵰ bᵗᵾᵮ ᵿᵪᵗ 

ᵞᵴ-ᴝ ᶁᵥᵷ ᵾ ᵰᵾᵬᵨᵅᵣ t ᵾ ᵾᵬ tᵿᵷ ᶇᵹᵥ ᵦᶁᵦ tᵲᵪᵾ ᵻᶈᶟ e  χᵰᵾᵬᵨᵅᵣ ᵰ ᵯᶌᵿᵦᵗ-ᵲᵾᵺᵾᵱᵿᵪᵗ ᵰᵾᵪ t

(Ca² , Mg² , Na , K , TH, CO ² , HCO , Cl , SO ² , F , PO ³ , NO ) ᵦᵧᵾ ᵺᶂ ᵰ β ᵷ 

(As, Fe, Mn, Zn, Cu, Pb ᵑᵷᵅ U) ᵺᵿ ᵰᵿᵴᵦ ᵻ ᶟ ᵧᵾᵿᵪᵗ ᵺᵅᵙᵿᵦ ᵺᶁᵿᵪᵿ ᵦ t ᵲᵪᶇ ᵻᶇᵦᶁ, 2023 ᵖᵲ 

2024 ᵗᶇ ᵮᶀ ᴥᵺᵰᵾ χt  ᵗ ᵬᵻᵜᵾᵪ t ᵲ ɛ ᵻ ᵿᵦ ᵧᵾᵿᵬᵦ ᵗᵱᵾ ᴝ ᵱᵾᶟ e ᵺ ᵱᵾ ᵺᶇ ᵷᵹ 2024 ᵻᶇᵦᶁ 

14,978 ᵈᵩᵾᵲᵲᶇᵘᵾ t  ᵾ ,ŋ ᵞᶋ ᵲᵾ ᶀᵱ ᵦᵲ ᵬᵲ ᵯᶂᵞᵴ ᴝ ᶁᵥᵷ ᵾ t ᵾ ᵿᵦᵿᵪᵿᵩ ᵬ ᵲᵨᶃ ᵱ ᵦᶁᵦ 

ᵗᵲᵦᶇ ᵻ ᶟ 

× ᶇ ᶀᵱ ᵿᵯ ᵦᵾᵑᵄ ᵑᵷᵅ ᵍᵦᶁᵞ ᵱ ᵟᵾᵪ 

ᵯᵾᵲᵦ ᵰ ᵯᶂγᵴ ᴝ ᶁᵥᵷ ᵾ ᵰ b ᵱᵿᵩᵗ ᶇ ᶀᵱ ᵿᵷᵿᵷᵩᵦᵾ ᵬᵾ əγ ᵾᵦᶀ ᵻᶈᶟ b ᵥᵾᵜᵴ ᵨᶇᵸ, ᵿᵰᵞᶋᵲᵰ, 

ᵰᶇᵚᵾᵴᵱ p ᵲ γ ᵰᶂ-t ᵰᶀᵲ ᵰ 100% ᵪᵰᶂᵪᶇ BIS ᵰᵾᵪ tt ᶇ b ᵪᶁ ᵬ ᵬᵾ ŋᴝ ᵑ ɜe ᵺᵗᶇ ᵿᵷᵬᵲᶀᵦ, 

ᵲᵾᵞ ᵧᵾᵪ, ᵻ ᵲᵱᵾᵥᵾ ᵖᵲ ᵈᵅ  ᵨᶇᵸ ᵗᶇ ᵜᵱᵿᵪᵦ ᶇ  ᵰ  ᵇᵬᶇ ᵾᵗᶃᵦ ᵋ  ᵺᵅᵨᶂᵹᵥ ᵦᵲ  ᵗᵾ ᵺᵅᵗᶇᵦ ᵿᵰᵴᵾ  
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ᵰɜᵾᵪᵺᶂᵪ tᶇ ᵮᵾ ρEC ᵖᵲ ᵴᶋᵲᵾᵉᵣ ᵰᵾ χᵰ ᵻ  tt ᵰᶀ ρ  γt  ᴝ ,ə ᵞᶋ ᵺᵅᵗᶇᵦ t ᵲᵦᶀ ᵻᶈ  tᵰᵾᵪᵺᶂᵪᶀ 

ᵬᶁᵪᵯ ᵲᵥ ᵴᵷ  vtᶇ ᵬᵦᵴᵾᵬᵪ t ᵾ t ᵾᵲ vᵮᵪᵦᵾ ᵻᶈᶟ 

× ᵞᵴ-ᵲᵾᵺᵾᵱᵿᵪᵗ ᵬ- ᵗᵾᵲ (Hydrochemical Facies) ŋ ᵷ ɑᵴᵷᵥᶀᵗᵲᵥ: 

ᵲᵾ ᶀᵱ ᵦᵲ ᵬᵲ ᵯᶂᵞᵴ t ᵾ γ ᵴ-ᵲᵾᵺᵾᵱᵿᵪᵗ ᵿᵷ ᶇᵹᵥ ρ ᵸᵾ ᵦᵾ ᵻᶈ  tᵗᶈᵿ ᵸᵱᵰᵮᵾᵉᵗᵾᵮ ᵪᶇᵡ (Ca

HCO ) ᵞᵴ- ᵗᵾᵲ ρ ᶇ нᵰ ᵺᵷᵾ ᵿᵩᵗ ᵮᵴ ᵻᶈᶟ ᵲᵾᵞ ᵧᵾᵪ p ᵲ ᴝ ᶁᵞᵲᵾᵦ ᵰ ᵾᵗᶃᵿᵦᵗ ᵱᵾ tᶇ t ᵾᵲᵥ 

Na Cl ᵗᵾᵲ ᵦᵧᵾ ɛ  ᵴᶋᵲᵾᵉᵣ ᵺᵾᵅ ᵦᵾ ρᶇᵘᶀ γᵾᵦᶀ ᵻᶈᶟ ᵺᵰᵱ tᶇ ᵺᵾ γaquifers ᵰ ᴝᶀᵴᵾᵬᵪ ŋᵷ ɑᵺᶂᵘᶇ 

ᵗᶇ ᴥ  ᵺᶇ γ ᵴ-ɯ ᶁᵴᵪᵸᶀᵴ ᵴᵷ  vt ᵾ ᵺᵅᵜᵱᵪ  dᵻᶈ, ᵞᶋ ᵬᶁᵪᵯ ᵲᵥ t ᶇ ρ ᶌᵲᵾᵪ ᵬᶁᵪᵆ ɯ ᶁᵴᵗᵲ γ ᵴ ᵰ 

ᵴᵷᵥᶀᵱᵦᵾ ᵮᶘᵾᵦᶇ ᵻ ᶟ 

× ᵰᶁᵘ ᵨᶂᵹᵗ 

¶ ᵪᵾᵉ ᶇᵡ: 20.7% χ ᵰᶂᵪ ᵰ BIS ᵺᶀᵰᵾ (>45 mg/L) ᵺᶇ bᵿᵩᵗ; ᵰᶁᵘ tᵾᵲᵥtᶃᵿᵹ ɛᵷ ᵲᵗ ŋᵷ ɑbᵬᵿ н

ᵮᵅᵩᵪ t  t ᵰᶀᶟ 

¶ ᵴᶋᵲᵾᵉᵣ: 8.05% ᵪᵰᶂᵪ ᵰ 1.5 mg/L ᵺᶇ b ᵿᵩᵗ; ᵰᶁ ᵱᵦᵆ ᵿᵞᵱᶋᵿᵪᵗ (ᵯᶂ-γ ᵿᵪ)β ᶋ βᵺᶇᶟ 

¶ EC: 7.23% ᵪᵰᶂᵪ ᵰ BIS ᵺᶀᵰᵾ ᵺᶇ bᵿᵩᵗ; ᵿᵷᵸᶇᵹ ᵬ ᵺᶇ нᶁ ᵗ ᶇ ᵲᵾᵞ ᵧᵾᵪ, ᵨ ᵴᶀ, ᵻ ᵲᵱᵾᵥᵾ, 

ᵙᶁᵞᵲᵾᵦ ᵰ ᶟ 

¶ ᵈᵺ ᵿᵪᵗ: ᵙᵅᵙᵾᵬᶁ ᵮᶇᵿᵺᵪ ᵰ t ᵦ ᵯᶂ-γ ᵿᵪ βᵺᵰ ᵱᵾᶟ 

¶ ᵱᶂᵲᶇᵿᵪᵱᵰ: ᵲᵾᵞ ᵧᵾᵪ, ᵬᵅᵞᵾᵮ, ᵻ ᵲᵱᵾᵥᵾ, ᵈ  ɑ ᵨᶇᵸ p ᵲ β ᶇᵴᵅᵙᵾᵪᵾ tᶇ tᶁ β ᶇ ᵰ b ᵬᶇ ᵾᵗᶃᵦ ɛ  ᵦᵲ 

ᵬ ᵲᵴᵿ ᵦ ᵑᶟ 

¶ ᵰ ᵙᵪᶀᵞ ŋ ᵷ ɑd ᵱᵲ:χ ᵗ əᵲᵾ ᵱ ᵰ e  χᵰᵾᵪ tt  ᵺᵾᵅ ᵦᵾ tᶁ β ᵧᵾ χᵬᵲ b ᵬᶇ ᵾᵗᶃᵦ bᵿᵩ tρ ᶇᵘᶀ ᴝ ᵊᶟ 

× ᵰᵾᵪᵺᶂᵪ ᵬᶁᵪᵯ ᵲᵥ ᵗᵾ ᵯᵾᵷ: 

ᵰᵾᵪᵺᶂᵪ ᵬᶁᵪᵯ ᵲᵥ ᵗᶇ ᵯᵾᵷ ᵿᵷᵿᵷᵩ ᵗᵾᵲ ᵗᶇ ᵲᵻᶇᶟ ᵇᵪᶇᵗ ᵧᵴ  ᵬᵲ ᵞᵴ ᵙᶁᵥᵷ ᵾ ᵰᵾᵪᵗ  ᵰ  ᵋ ᵴᶇᵘᵪᶀᵱ 

ᵺᶁᵩᵾᵲ (ᵞᶈᵺᶇ EC ᵑᵷᵅ ᵴᶋᵲᵾᵉᵣ ᵗᵾ ᵿᵷᵴᵱᵪ) ᵨᶇᵘᵾ ᵙᵱᵾ, ᵞᵮ ᵗ ᵇ ᵱ ᵧᵴ  ᵬᵲ ᵰᵾᵪᵗ  ᵰ  ᵿᵙᵲᵾᵷᵡ 

(ᵺᵾᵅ ᵦᵾ ᵰ  ᵷᶃᵿ ) ᵬ ᵲᵴᵿ ᵦ ᵊᶟ ᵱᵻ ᵨᵸᵾ ᵦᵾ ᵻᶈ ᵗ ᵯᶂ-γ ᵴ ᵲᵺᵾᵱᵪ ᵬᵲ ᵧᵴ-ᵿᵷᵿᵸ  ᵗᵾᵲᵗᵞᶈᵺᶇ 

ᵞᵴᵯᶃᵦ ᵗᵾᵲ ᵖᵲ ᵧᵾᵪᶀᵱ ᵺᵅᵨᶂᵹᵥ ᵯᵾᵲᵗᵾ ᵇ ᵱᵿᵩᵗ ᵯᵾᵷ ᵻᶋᵦᵾ ᵻᶈᶟ 

× ᵺᵅᵜᵾᵊ ɛ ᵬᵱᶁ ᵦᵾ ᵿᵷ ᶇᵹᵥ: 

         SAR ᵖᵲ RSC ᵗᶇ ᵿᵷ ᶇᵹᵥ ᵺᶇ ᵬᵦᵾ ᴥ ᵴᵦᵾ ᵻᶈ  tb ᵿᵩᵗᵾᵅᵸ ᵯᶂᵞᵴ ᵺᵅᵜᵾᵊ ᵻᶇᵦᶁ ɛ ᵬᵱᶁ ᵻᶈᶟ 

94.30% ᵪᵰᶂᵪᶇ SAR < 10 ᵗ  ᶇᵥᶀ ᵰ  ᵬᵾᵑ ᵙᵑ, ᵞᶋ "ᵋ ᵗᶃ  ᶇᵥᶀ" ᵗᶋ ᵨᵸᵾ ᵦᵾ ᵻᶈ ᵦᵧᵾ ᵰᶃᵨᵾ ᵱᵾ ᵭᵺᵴ 

ᵬᵲ ᵾᵲᶀᵱᵦᵾ ᵗᶇ ᵯᵾᵷ ᵗ  ᵺᵅᵯᵾᵷᵪᵾ ᵱᶂᵪᵦᵰ ᵻᶈᶟ 

 



 

 

ix 

 

× ᵗ ᵮᵅᵨᶁ ᵧᵴ (Hot Spot stations) ᵰᶉᵿᵪᵡ ᵲᵅᵙ ŋ ᵷ ɑᵺᵅᵨᶂᵹᵥ ᵺᵾᵲ ᵿᵷ ᶇᵹᵥ: 

¶ CGWB χ ᶇ ᵮᶇᵺᵴᵾᵉᵪ ᵰᶉᵿᵪᵡ ᵲᵅᵙ ᵰ BIS ᵺᶀᵰᵾ ᵺᶇ bᵿᵩ tᵬᵾ ŋᴝ  ŋ ᵧᵾ χtᶇ dᵺᵬᵾᵺ ᵿᵷ ᵦᶃᵦ ᵻᶉᵡ ᵬᶉᵡ 

ᵰᶉᵿᵪᵡ ᵲᵅᵙ t ᶟ 

¶ ᵗᶁᵴ 340 ᵻᶉᵡ ᵬᶉᵡ ᵬᵻᵜᵾᵪᶇ ᴝ  ŋβ ᵧᵾ 1,540 ᵪᵰᶂᵪᶇ ᵉᵪᵗᶇ d ᵺᵬᵾᵺ ŋ ᵗ ᵗ ŋᴝ ᵑᶟ 

¶  ᵱᶇᵗ ᵻᶉᵡ ᵬᶉᵡ tᶇ ᴥ ᵾᵲ ᴗ ᵲ 2 km × 2 km ᵿ ᵣ ᵬᵲ χ ᵰᶂᵪᵾ ᵺᵅ ᵻ ᵗᵱᵾ ᴝ ᵱᵾᶟ 

¶ ᵗ ᵮᵅᵨᶁ HS (ᵻᶉᵡ ᵬᶉᵡ) ɛᵺ ᵧᵾᵪ t ᵾ ᵿᵦᵿᵪᵿᵩ ᵷ t ᵲᵦᵾ ᵻᶈ γ ᵻᵾᵄ ᵨᶂᵹᵗ t  ᵺᵾᵅ ᵦᵾ BIS ᵺᶀᵰᵾ ᵺᶇ 

ᵇᵿᵩ tᵬᵾ əᴝ  əγ ᶀᶟ 

¶ ᵉᵺ ᵿ  rᵺᶇ ᵿ  χd ᵗᵴ χᵺᵅᵯᵷ :d 

¶ ᵧᵾᵪᶀᵱ ᵺᵾᵲ (Localized spread): ᵞᵻᵾᵄ ᵨᶂᵹᵥ ᵻᶉᵡ ᵬᶉᵡ tᶇ d ᵺᵬᵾᵺ ᵺᶀᵿᵰᵦ ᵲᵻᵦᵾ ᵻᶈᶟ  

¶ ᵮ ᵨᵸᶀᵱ ᵺᵾᵲ (Multi-directional spread): ᵞᵻᵾᵄ ᵨᶂᵹᵥ ŋ  tᵱᵾ b ᵿᵩ t ᵨᵸᵾ ᵰ ᵭᶈᵴᵦᵾ ᵻᶈᶟ 

ᵻᶉᵡ ᵬᶉᵡ ᵿᵷ ᶇᵹᵥ d ᵺ ᵿᵪᵗ, EC, ᵴᶋᵲᵾᵉᵣ, ᵪᵾᵉ ᶇᵡ, ᵰ ᵙᵪᶀᵞ p ᵲ ᵱᶂᵲᶇᵿᵪᵱᵰ ᵬᵲ t ᵦ γ ᵾ, ᵿᵞᵺᵺᶇ 

ᵺᵅᵨᶂᵹᵥ tᶇ ᵺᵾᵲ t  ᵨᵸᵾ ŋ ᵷ ɑᵺᶀᵰᵾ t ᵾ ᵬ d ᵗᵴ χ ᵈ ɜ

× ᵯᶂᵞᵴ ᴝ ᶁᵥᵷ ᵾ b ᵴ χ(γ ᶂ χ2024  ᵰᵾ ᴥ2025): 

¶ CGWB ᵲᵾ ᵱ ŋ ᵷ ɑᵺᵅᵮᵅᵿᵩᵦ ŋ ᵞ ᵿᵺᵱ t ᶋ ᵬᵾᵿ ᵗ γ ᵴ ᴝ ᶁᵥᵷ ᵾ b ᵴ χ ᵞᵾᵲᶀ t ᵲᵦᵾ ᵻᶈᶟ 

ᵱᶇ b ᵴ χEC, ᵪᵾᵉ ᶇᵡ, ᵴᶋᵲᵾᵉᵣ, ᵗᶁᵴ t ᵢᶋᵲᵦᵾ, ᶋᵿᵰᵱᵰ, ᵰ ᵙᵪᶀᵞ, ᵈᵱᵲᵪ, ᵿᵪᵗᶇᵴ, ᵗᶋᵮᵾ ᵡ, ᵞᵅᵗ, 

ᵈᵺ ᵿᵪᵗ, ᵺᶇᵴᶇᵿᵪᵱᵰ, ᵗᶈᵣᵿᵰᵱᵰ, ᵴᶇ rγ ᶈᵺᶇ ᵰᵾᵪᵗ  ᵬᵲ ᵈᵩᵾ ᵲᵦ ᵻ ᶟ 

¶ ᵞᶂ χ2024 ᵺᶇ ᵰᵾ ᴥ2025 ᵗᶇ ᵮᶀ ᴥᵺᵅᵗᵿᵴᵦ bᵴ χᵰ EC, ᵪᵾᵉ ᶇᵡ, ᵴᶋᵲᵾᵉᵣ, ᵗᶁᵴ tᵢᶋᵲᵦᵾ, ᶋᵿᵰᵱᵰ, 

ᵰ ᵙᵪᶀᵞ, ᵈᵱᵲᵪ, ᵿᵪᵗᶇᵴ, ᵗᶋᵮᵾ ᵡ, ᵞᵅᵗ, ᵈᵺ ᵿᵪᵗ, ᵺᶇᵴᶇᵿᵪᵱᵰ, ᵗᶈᵣᵿᵰᵱᵰ, ᵺᶀᵺᵾ β ᵧᵾ ᵱᶂᵲᶇᵿᵪᵱᵰ γ ᶈᵺᶇ 

ᵰᵾᵪ tᵰ ᵬᵾ ŋᴝ  ŋb ᵿᵦ ᵰᵥ t ᶋ eᵅᵿᵙᵦ ᵗᵱᵾ ᴝ ᵱᵾ ᵻᶈᶟ 

¶ ᵉᵺ b ᵷᵿ φtᶇ ρ ᶌᵲᵾᵪ ᵿᵷᵿᵯ ᵲᵾ ᵱ ᵰ b ᵿᵦ ᵰᵥ tᶇ ᵰᵾᵰᵴᶇ ρ  γ ᵗ ŋᴝ ,ŋ ᵿᵞᵪᵰ d  ɑ ᵨᶇᵸ, ᵙᶁᵞᵲᵾᵦ, 

ᵰ ᵱ ᵨᶇᵸ, ᵰᵻᵾᵲᵾ, ᵲᵾᵞ ᵧᵾᵪ, ᵬᵅᵞᵾᵮ, ᵗᵪᵾ ᵡᵗ, ᵻ ᵲᵱᵾᵥᵾ β ᵧᵾ ɛ ᵲ ᵨᶇᵸ tᶇ tᶁ β ᶇ ᵰ ᵴᵷᵥᵦᵾ, 

ᵪᵾᵉ ᶇᵡ β ᵧᵾ ᵯᵾᵲᶀ φ ᵾᵦᶁ ᵺᶇ ᵺᵅᵮᵅᵿᵩᵦ ᵰᵾᵪ tᵰ b ᵬᶇ ᵾᵗᶃᵦ b ᵿᵩ tb ᵿᵦ ᵰᵥ ᵬ ᵲᵴᵿ ᵦ ᵑᶟ 

¶ ᵬᶂᵷ ŋ ᵷ ɑɛ ᵲ-ᵬᶂᵷ ᵲᵾ ᵱ ᵰ d ᵱᵲᵪ, ᵰ ᵙᵪᶀᵞ p ᵲ d ᵺ ᵿᵪᵗ tᶇ ᵧᵾᵿᵪᵗ b ᵿᵦ ᵰᵥ ᵬᵾ ŋᴝ ᵑᶟ\ 

¶  ᵱᶇ b ᵴ χᵺᵰᵱ ᵲᵻᵦᶇ ᴥ ᶇᵦᵾᵷᵪᶀ ᵥᵾᵴᶀ tᶇ ᵬ ᵰ t ᵾᵱ t ᵲᵦᶇ ᵻ p ᵲ ᵲᵾ ᵱ t ᶋ b ᵪᶁᵷᵦ χ ᵰᶂᵪᵾ ᵺᵅ ᵻ, 

ᵜᶇᵦᵾᵷᵪᶀ γ ᵾᵲᶀ t ᵲᵪᶇ ŋ ᵷ ɑ ᵧᵾᵪᶀᵱ н ᵰ χɛ ᵬᵾᵱ ᵴᵾᵙᶂ t ᵲᵪᶇ ᵻᶇᵦᶁ ᵰᵾᵙ ᵨᵸ ᵪ ᵨᵾᵪ t ᵲᵦᶇ ᵻ ᶟ 

¶  ᵱᶇ b ᵴ χt  ᵺᵲᵗᵾᵲ t ᶇ ᵿᵷᵯᵾᵙ  ICAR, DDWS, CPCB, MOHUA, GSI  ᵦᵧᵾ 

ᵲᵾ ᵱ/t ᵸᵾᵿᵺᵦ ᵨᶇᵸ tᶇ ᵺᵅᵮᵅᵿᵩᵦ ᵿᵷᵯᵾᵙ t ᶋ ᵺᵾᵟᵾ ᵗ ŋγ ᵾᵦᶇ ᵻ ᶟ 
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Executive Summary 

This report presents the findings from the nationwide groundwater quality monitoring 

exercise based on a standardized methodology established under the Standard Operating 

Procedure (SOP) implemented across India in 2023 by the Central Ground Water Board 

(CGWB). This uniform approach aims to establish a comprehensive baseline for 

groundwater quality, enabling targeted interventions to address emerging concerns. In 

addition to baseline and trend assessments, CGWB also issues fortnightly Water 

Quality Alerts  to State Governments and concerned agencies. These alerts, generated 

from periodic data analysis, provide early warning on parameters exceeding BIS (IS 

10500:2012) limits, facilitating timely action, public health protection, and focused 

management of emerging contamination hotspots 

× Baseline and Trend Monitoring: A total of 15,259 groundwater samples were 

collected during 2023 taking it as the base year to assess groundwater quality to establish 

the baseline data as per the SOP guidelines. These 15,259 stations are the Background 

Stations to form the foundation for future evaluations, offering a clear baseline for 

ongoing monitoring efforts. To examine the trends of groundwater quality, 25% of these 

stations, identified as Trend Stations which are vulnerable to contamination based on BIS 

10500 standards. In 2024 groundwater quality samples were collected from the 5,368 

identified trend stations during pre-monsoon and post-monsoon seasons to assess the 

impact of seasonal recharge on groundwater quality. Standard procedures as given in 

APHA, 2012 (Standard Methods for the Examination of Water & Waste Water American 

Public Health Association) were used for the sample collection and analysis of water 

sample. 

× Key Findings and Water Quality  Parameters: Objective of this report is to look into 

wide spectrum of inorganic water quality parameters in groundwater used for drinking and 

agriculture purpose. These parameters consist of physico chemical parameters (Ca2+, 

Mg2+, Na+, K+, TH, CO3
2-, HCO -, Cl-, SO4

2ī, F-, PO4
3- and NO3

-) and trace elements (As, 

Fe, Mn, Zn, Cu and Pb).  

To ensure spatial consistency, common stations between 2023 and 2024 were identified 

and replaced for depicting the national quality scenario. This process resulted in 14,978 

baseline stations for 2024, providing a comprehensive and representative coverage of 

groundwater quality across India. 

Significant concerns have emerged from the analysis, particularly the high concentrations 

of nitrate, fluoride, and EC in groundwater. Almost 20.7% of the samples exceeded the 

permissible limit for nitrate, while 8.05% of samples had fluoride levels above the limit. 

EC contamination was found in 7.23 % of samples. 

× Regional Variability  and Seasonal Trends: Groundwater quality varies 

considerably across India. In certain states such as Arunachal Pradesh, Mizoram, 

Meghalaya and Jammu and Kashmir, 100% of the water samples met the BIS standards. 



 

 

xi 

 

In contrast, states like Rajasthan, Haryana, and Andhra Pradesh faced widespread 

contamination. Interestingly, the monsoon season showed some improvement in water 

quality, particularly in areas affected by high electrical conductivity (EC) and Fluoride. 

Post-monsoon, a modest reduction in EC levels and Fluoride was observed in some 

regions, indicating that monsoon recharge can temporarily improve water quality by 

diluting salts.  

× Hydrochemical Facies and Salinization:  At the national scale, the hydro chemical 

characterization of groundwater in India reveals a distinct dominance of the Calciumï

Bicarbonate (Ca-HCO ) facies, which constitutes the primary water type across large 

parts of the country. States like Rajasthan and Gujarat face high chloride concentrations 

due to the natural hydrochemical processes at play and Na-Cl type formations are 

prevalent. Over long periods, the aquifers have undergone repeated cycles of wetting and 

drying. During these cycles, highly soluble Na- Cl salts become concentrated in the 

aquifers. When groundwater levels drop, these salts become encrusted in the alluvium 

bed. Upon precipitation or recharge during the monsoon, these encrusted salts re-dissolve 

into the groundwater, enriching the chloride concentration and contributing to the 

increasing salinity levels. 

 

× Major  Contaminant Exceedances: 

¶ Nitrate:  This contaminant demonstrated the highest frequency of exceedance, with 

concentrations surpassing the permissible limit (45 mg/L) in approximately 20.7 % 

of the total samples. This is primarily attributed to anthropogenic sources, notably 

agricultural practices and improper waste disposal. 

¶ Fluoride:  Elevated fluoride concentrations (exceeding 1.5 mg/L) were observed in 

about 8.05 % of samples. This contamination is predominantly geogenic (naturally 

occurring), associated with water-rock interaction in crystalline and hard rock 

aquifers, such as granite and gneissic formations. 

¶ Electrical Conductivity (EC ): EC, an indicator of total dissolved solids/salinity, 

exceeded permissible limits (e.g., 3000 µS/cm) in 7.23 % of samples. Salinity 

concerns are particularly acute in arid and semi-arid regions of North-West India, with 

states like Rajasthan, Delhi, Haryana, and Gujarat showing a higher proportion of non-

compliant samples. 

× Trace Metal and Geogenic Contaminations: 

¶ Arsenic (As): Contamination remains a major geogenic concern, specifically 

concentrated within the Ganga and Brahamaputra River basin. 

¶ Uranium (U):  Elevated uranium concentrations (exceeding 30 ppb) were detected 

sporadically in states including Rajasthan, Punjab, Haryana, Andhra Pradesh, and 

Telangana. 
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¶ Manganese (Mn): Persistent exceedance of Manganese was reported across multiple 

states (e.g., Assam, Karnataka, Odisha, Uttar Pradesh, and West Bengal). 

¶ Copper (Cu): Copper levels were consistently found to be within the permissible limit 

(1.5 mg/L) nationwide. 

× Seasonal and Irrigation Suitability Trends: This report presents a comprehensive 

assessment of groundwater quality in India, the seasonal variability and for Irrigation 

suitability. This report evaluates Sodium Adsorption Ratio (SAR) and Residual 

Sodium Carbonate (RSC) values, which are key indicators of water suitability for 

irrigation. 

¶ Monsoon Recharge Impact: The effects of monsoon recharge were heterogeneous. 

While many locations showed significant improvement in water quality parameters 

(e.g., dilution of EC and Fluoride), a comparable number of locations exhibited 

deterioration (increase in concentration), emphasizing that site-specific factors like 

aquifer type and local contamination load strongly govern groundwater chemistry. 

¶ Irrigation Suitability:  The groundwater quality is largely suitable for irrigation 

purposes. The majority of samples, 94.30%, fall into the "excellent category" based 

on the Sodium Adsorption Ratio (SAR < 10), indicating a low alkali hazard for soil 

and crop health. 

According to SAR classification, Nationally, 98.9% of the samples recorded SAR Ò 

26, indicating that most groundwater sources are safe for irrigation use. Only 1.11% 

of the samples exceeded the permissible limit (SAR > 26), suggesting limited risk of 

sodicity hazards at the national scale. The highest SAR values were observed in Bihar 

(up to 505), Delhi (up to 179.8), and Rajasthan (up to 72.6), indicating localized areas 

with potentially high sodium hazard. Delhi (34.8%) and Rajasthan (12%) showed the 

maximum proportion of samples exceeding the limit, followed by Bihar (1.4%). 

Nationwide, 11.27% samples exceeded the permissible limit of RSC i.e. 2.5 meq/L, 

indicating potential sodicity hazards in some regions. High incidences of RSC 

beyond permissible limits were recorded in Delhi (51.11%), Uttarakhand (41.94%), 

Andhra Pradesh (26.87%), Punjab (24.60%), and Rajasthan (24.42%), signifying 

concern in these states. Moderate exceedances were observed in Haryana (15.54%), 

Karnataka (13.32%), Uttar Pradesh (13.65%), and Telangana (11.76%). In the 

remaining states RSC values greater than 2.5, making them unsuitable for irrigation 

due to the risk of sodicity and soil degradation. 

× Recommended Mitigation Measures: 

To ensure safe drinking water and mitigate groundwater contamination by various 

pollutants, a combination of preventive, treatment, and management strategies is essential. 
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¶ In fluoride-affected regions, water quality can be safeguarded through proper source 

selection, blending of high- and low-fluoride waters, installation of community-

based treatment plants and public awareness initiatives. 

¶ For nitrate contamination, emphasis is placed on efficient fertilizer management, 

including regular soil testing, appropriate timing of fertilizer application and use of 

organic fertilizers. Additional measures include maintenance of septic systems and 

proper management of animal wastes to prevent nitrogen leaching into groundwater. 

¶ Arsenic mitigation involves both short- and long-term measures. Short-term strategies 

include the installation of household and community treatment units, prohibition of 

contaminated wells, and conjunctive use of surface and groundwater. Long-term 

actions focus on developing alternate safe aquifers, rainwater harvesting and deepwell 

construction using sealing techniques. 

¶ In the case of uranium contamination, multiple treatment technologies are available, 

including adsorption, coagulation, extraction, reverse osmosis and evaporation. 

Selection of the appropriate method depends on cost, efficiency and local conditions, 

with combined or need-based approaches recommended for best results. 

¶ For iron and manganese, remedial options include aeration, filtration, use of iron or 

manganese removal plants and chemical oxidation. Reverse osmosis and specialized 

media filters are suitable for smaller-scale or household applications. 

¶ To address lead contamination, the key measures include installation of filtration 

systems (activated carbon, RO, or ion exchange), strict regulation of industrial 

effluents, lead testing in public buildings, hydrogeochemical mapping and public 

advisories on safe water use practices. 

Overall, the integrated implementation of source protection, treatment technologies, 

regulatory enforcement, and community participation is crucial to ensuring safe and 

sustainable groundwater quality across affected regions. 

× Hotspot Monitoring and Contaminant Spread Analysis 

¶ To strengthen national surveillance of groundwater contamination, CGWB undertook 

detailed hotspot monitoring around locations that exceeded BIS limits during baseline 

monitoring. A total of 340 hotspot locations were identified, and 1,540 groundwater 

samples were collected around these sites. 

¶ A 2 km × 2 km grid-based sampling design was adopted around each hotspot. The 

central point marked as HS (Hotspot) represented the exceedance location, with 

surrounding samples collected at grid nodes to evaluate: 

¶ Localized spread: where contamination is confined near the hotspot 

¶ Multi -directional spread: where contaminants migrate outward along one or more 

directions 

¶ The hotspot assessment covered Arsenic, EC, Fluoride, Nitrate, Manganese, and 

Uranium. Results show clear spatial variability in the extent of contaminant 

movement. The hotspot classification (e.g., localized vs. multidirectional spread) 
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provides actionable insights for targeted remediation, localized source protection, and 

aquifer-specific management strategies. 

× Groundwater Quality Alerts (June 2024 ï March 2025) 

¶ CGWB issues fortnightly Groundwater Quality Alerts to States and concerned 

agencies to facilitate early action, public health protection, and rapid response to 

contamination events. Alerts are generated when key water quality parameters exceed 

BIS limits. 

¶ The alerts compiled during June 2024ïMarch 2025 highlight exceedances for 

parameters such as EC, Nitrate, Fluoride, Total Hardness, Chromium, Manganese, 

Iron, Nickel, Cobalt, Zinc, Arsenic, Selenium, Cadmium, Lead, and Uranium across 

multiple states. 

¶ Exceedances were recorded during this period, with notable concerns in: 

Andhra Pradesh, Gujarat, Madhya Pradesh, Maharashtra, Rajasthan, Punjab, 

Karnataka, Haryana, and Uttar Pradesh, showing high occurrences of salinity, nitrate, 

and heavy metal exceedances. 

¶ Eastern and north-eastern states showing isolated but occurrences of iron, manganese, 

and arsenic 

¶ These alerts serve as a real-time early warning mechanism, guiding states to undertake 

follow-up sampling, issue advisories, and implement localized mitigation measures. 

¶ Groundwater quality alerts are shared fortnightly with central govt. departments e.g. 

ICAR, DDWS, CPCB, MOHUA, GSI along with concerned departments of state/UTs. 
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1.0 Introduction  

    Groundwater is a vital natural resource that supports a wide range of needs, including 

drinking water supply, irrigation, and industrial activities. In India, it plays an especially critical 

role in sustaining rural and semi-urban populations, where dependence on this invisible 

resource is substantial and often singular. 

      The quality of groundwater is influenced by several interrelated factors, including the 

composition of the water that infiltrates the subsurface, its interaction with geological 

formations, and the impact of human activities both at the surface and below ground. 

Consequently, the key factors that govern groundwater contamination include the natural 

characteristics and chemical reactivity of subsurface strata (geogenic sources) as well as 

pollutants originating from land use practices and anthropogenic activities. As a result, similar 

to surface water, groundwater quality at any given location may be affected by a combination 

of multiple contamination sources and challenges (Figure 1). 

     According to multiple global assessments, including the UNESCO World Water 

Development Report (2021), the World Bankôs "Invisible Water Crisis" (2019), and FAOôs 

AQUASTAT data (2021), the global pressure on groundwater resources is intensifying due to 

increasing consumption, pollution, and climate variability. In India, national-level analyses 

such as the NITI Aayogôs Composite Water Management Index and reports from CPCB and 

CGWB have highlighted persistent challenges in maintaining groundwater quality, particularly 

in shallow aquifers susceptible to anthropogenic contamination. 

 

 

Figure 1 : Groundwater pollution threats (Villholth et al., 2011). 
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     In the Indian context, groundwater remains a cornerstone of water security. An 

estimated 87% of the groundwater extracted in the country is used for agricultural purposes, 

with around 11% consumed for domestic needs. Shallow aquifers are more readily accessible, 

form the primary source of water in most regions. Consequently, the quality of groundwater in 

these aquifers has a direct impact on public health, food security, and ecological balance. 

However, the quality of groundwater in India, particularly in shallow aquifers, is under 

increasing threat from both natural processes and human-induced activities. The challenge of 

maintaining and improving groundwater quality has grown more complex due to rising 

population pressures, expanding industrial zones, and unsustainable agricultural practices. The 

vulnerability of shallow aquifers is heightened due to their close interaction with surface-level 

contamination sources. 

 

Key factors contributing to this decline in groundwater quality include: 

¶ Industrialization : Rapid industrial growth, especially in urban areas, has led to the 

contamination of groundwater through the discharge of untreated industrial waste, 

including heavy metals, chemicals, and solvents. 

¶ Agricultural Practices : Excessive use of fertilizers and pesticides in farming has 

resulted in the infiltration of harmful chemicals into groundwater, leading to nitrate 

contamination. Additionally, over-extraction of groundwater for irrigation is depleting 

aquifers and causing issues like salinization.  

¶ Urbanization: As urban areas expand, improper waste disposal, sewage leakage, and 

landfill contamination contribute to the pollution of shallow aquifers. Industrial 

effluents and household waste also pose risks to groundwater quality. 

¶ Climate Change: Changes in precipitation patterns and the over-extraction of 

groundwater can affect the natural replenishment of aquifers, leading to deteriorating 

water quality. 

 

This report provides an overview of the chemical quality of groundwater in India, based on the 

analysis and interpretation of water samples collected from the hydrograph network stations 

maintained by the Central Ground Water Board, with a focus on shallow aquifers across the 

country. 
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2.0 Ground Water Quality Monitoring  

      This is the second consecutive year that the groundwater quality assessment has been 

carried out in accordance with the Standard Operating Procedure (SOP) introduced by the 

Central Ground Water Board (CGWB) in 2023. The implementation of this uniform SOP across 

all regions of India represents a landmark advancement in the standardization of groundwater 

quality monitoring. It has brought consistency and scientific rigor to the processes of sampling, 

laboratory analysis, and data reporting. The adoption of the SOP has ensured the following key 

improvements: 

× Uniform Methodology: A standardized approach to sampling, testing, and data 

analysis across all monitoring stations enables consistent and comparable results 

nationwide. 

× Enhanced Data Reliability: By adhering to scientifically validated procedures, the 

SOP ensures high-quality, credible data. This enhances the accuracy and dependability 

of findings, supporting evidence-based policy and decision-making. 

× Standardized Reporting Framework: The SOP mandates a uniform format for data 

documentation and reporting. It also supports seamless data integration for national-

level assessments. 

     The continued use of the CGWB's SOP strengthens the overall integrity of groundwater 

quality monitoring in India and provides a robust foundation for long-term environmental and 

resource planning. 

     To understand the seasonal and long-term variability in groundwater quality, the study 

adopts a structured monitoring framework guided by the Standard Operating Procedure (SOP). 

This approach enables the assessment of both seasonal changes (pre- and post-monsoon) and 

year-on-year trends, providing insights into how contamination levels evolve across different 

regions and over time. 

2.1 Framework for Development of Composite Water Quality Database (2024) 

    In 2023, the Central Ground Water Board (CGWB) has 15,259 baseline monitoring 

stations across the country.  In 2024, a total of 5,368 stations were selected for trend line 

monitoring stations as per SOP. To ensure spatial consistency, common stations between 2023 
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and 2024 were identified and replaced. This process resulted in 14,978 baseline stations for 

2024, providing a comprehensive and representative coverage of groundwater quality across 

India. 

    Through this approach, a harmonized and representative dataset was developed, ensuring 

spatial continuity and temporal consistency across the monitoring network. The database thus 

prepared formed the basis for interpretation and preparation of this Year Annual Ground 

Water Quality Report . 

2.2 National Water Quality Overview 

      Groundwater samples were analyzed for a comprehensive set of physico-chemical 

parameters, including major cations (CaĮ , MgĮ , Na , K ), anions (F , CO Į , HCO , SO Į , 

Cl , NO , PO į ), silica (SiO ), general indicators (pH, Electrical Conductivity, Total 

Hardness), and trace metals such as arsenic (As), iron (Fe), manganese (Mn), zinc (Zn), copper 

(Cu) and lead (Pb). Because of their potential health risks, regulatory importance and role as 

indicators of broader water quality issues these parameters have been discussed in the report. 

      In general, groundwater quality across most parts of India is considered good to 

excellent. However, certain regions face localized contamination challenges: 

ü Arsenic contamination is a major concern in the Ganga and Brahmaputra River 

basins. 

ü Fluoride and nitrate  levels are found to be moderately elevated in several regions. 

ü Uranium  contamination, although less widespread, has been sporadically detected in 

parts of Rajasthan, Punjab, Haryana, Andhra Pradesh, and Telangana. 

ü Elevated manganese levels have been reported in some locations in states, including 

Assam, Karnataka, Odisha, Tamil Nadu, Uttar Pradesh, and West Bengal. 

ü Lead Contamination was localized and limited, with a small number of samples from 

Assam, Karnataka, Madhya Pradesh, Uttar Pradesh, Punjab, and Rajasthan 

showing lead levels above the standard. 

     These findings highlight the need for region-specific interventions and continued 

monitoring , particularly in vulnerable aquifers and high-risk zones. 
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 2.3 Groundwater Quality Data Validation  

     Ensuring the accuracy, reliability, and consistency of groundwater quality data is 

essential for making sound scientific assessments and policy decisions. The following key 

validation procedures have been adopted to uphold data integrity: 

×  Checking of Data Consistency: Checking of the data for consistency by comparing the     

measurements    of a particular parameter over time. This will help identify any changes in the 

groundwater quality due to measurement methodology or equipment. 

 

× Correlation between Electrical Conductivity (EC) and Total Dissolved Solids (TDS) 

A widely accepted quality check is the correlation between EC and TDS values, as these 

parameters are typically related by a constant factor: 

TDS= EC (mS/cm) × K 

The constant K  varies with the chemical composition of water. 

Higher K values are observed in chloride-dominated waters, while lower K values are seen in 

sulphate-rich waters. 

           This relationship helps in detecting discrepancies or errors in reported TDS or EC values. 

Acceptable Range: 0.55 × EC (mS/cm) < TDS (mg/L) < 0.75 × EC (mS/cm) 

× CationïAnion Balance (Charge Balance Error Check) 

           One of the most important validation tools in hydrochemistry is the cationïanion 

balance, which ensures that the measured concentrations of major ions are chemically 

plausible. 

The sum of cation equivalents (meq/L) should be approximately equal to the sum of anion 

equivalents (meq/L): 

× Cations å × Anions 

To quantify the balance, the Electronic Charge Balance (ECB) is calculated as: 

 

 

All concentrations must be converted to milliequivalents per litre (meq/L). 
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Acceptability Criterion: 

An ECB greater than ±10% indicates potential analytical errors in at least one major cation or 

anion measurement. 

      For the 2024 groundwater dataset, samples with an ECB exceeding 10% have been 

excluded from the final analysis to maintain data accuracy. 

      These validation proceduresðdata consistency checks, EC-TDS correlation analysis, 

and cation-anion balance assessmentðare critical for ensuring high-quality, scientifically 

sound groundwater quality data. They provide confidence in the dataset and strengthen the 

foundation for regional and national-scale water resource planning.        

 

2.4 Comparison with BIS Drinking Water Standard 

      A key objective of this study is to evaluate whether groundwater from shallow aquifers 

complies with the Bureau of Indian Standards (BIS) specifications for drinking water 

quality (IS 10500). 

      By comparing the measured concentrations of various water quality parameters with 

the permissible limits prescribed in BIS:10500, the study assesses the suitability of groundwater 

for drinking and other domestic uses. This comparison serves as a benchmark to determine the 

extent and nature of contamination, identify non-compliant regions, and support evidence-

based water resource management. 

      The table-1 summarizes the Indian Bureau of Standards (BIS:10500) guidelines for 

drinking water quality, providing both the acceptable limits and the permissible limits in the 

absence of an alternative source for key water quality parameters. For basic parameters such as 

electrical conductivity (EC), chloride, fluoride, and nitrate, exceedances are associated with 

health concerns ranging from cardiovascular complications and gastrointestinal discomfort to 

dental and skeletal fluorosis and methemoglobinemia (blue baby syndrome) in infants. For trace 

metals, the guidelines are more stringent because of their toxicological significance even at low 

concentrations. 

      Elevated levels of iron and manganese can cause aesthetic and biological issues in 

water supply systems, while copper in excess may damage the liver. Lead, arsenic, and uranium 

are of particular concern due to their neurological effects, carcinogenic potential, and kidney 

toxicity, with no relaxation in permissible limits provided for these contaminants. These 

standards serve as a benchmark for assessing groundwater quality across India and highlight 

the health risks associated with exceedance of different parameters. 
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Table 1: The Indian Bureau of Standards guidelines for contaminants levels in drinking water 
Indian Bureau of Standards Guidelines 

Analyte 

Accept

able 

Limit  

Permissible Limit  in 

Absence 

of Alternative  Source 

Health effects 

EC (µs/cm at 25°c) 750 3000 Anaesthetic effect, may lead to Cardiovascular 

complications 

Cl (mg/L) 250 1000 Eye/nose irritation; stomach discomfort 

F (mg/L) 

 

1 1.5 Bone disease (pain and tenderness of the bones); children 

may get mottled teeth 

Nitrate (mg/L) 45 No relaxation High nitrate levels in drinking water can cause blue baby 

syndrome 

Zn (mg/L) 5 15 Gastrointestinal issues. 

Fe (mg/L) 1 No relaxation Anaesthetic effect, promotes iron bacteria 

Mn (mg/L) 0.1 0.3 Neurological issues in infants and children 

Cu (mg/L) 0.5 1.5 Excess can cause liver damage 

Pb (mg/L) 10 No relaxation Neurological issues 

As (ɛg/L) 10 No relaxation Skin damage, increased risk of cancer 

U(ɛg/L) 30 No relaxation Increased risk of cancer, kidney toxicity 

2.5 Water Quality Criteria for Irrigation Purpose   

      Groundwater is a critical resource for irrigation in India, particularly in regions with 

insufficient surface water. The quality of groundwater used for irrigation directly affects soil 

health and crop productivity. Many problems originate due to inefficient management of water 

for agriculture use, especially when it carries high salt loads. 
 

Table 2 : Safe Limits for electrical conductivity for irrigation water (IS:11624-1986) 

 

Nature of soil 

 

Crop 

Growth 

Upper permissible 

safe limit of Electrical 

Conductivity  in 

water 

µs/cm at 25°C 

Deep black soil and alluvial soils having clay content more 

than 30%; soils that are fairly to moderately well Drained 

Semi- tolerant 1500 

Tolerant 2000 

Textured soils having clay contents of 20-30%; soils that are 

well drained internally and have good surface drainage 

system 

Semi- tolerant 2000 

Tolerant 4000 

Medium textured soils having clay 10- 20%; internally very 

well drained and having good surface drainage system 

Semi- tolerant 4000 

Tolerant 6000 
 

     Areas that rely heavily on irrigation face significant salinity issues. When water is 

extracted from groundwater for irrigation purposes, salts that were once contained in the 

groundwater can accumulate on the soilôs surface, leading to soil salinization. This, in turn, 

reduces crop yields and degrades soil health, further exacerbating the water quality crisis in 

these regions. 

     These effects are visible in plants by their stunted growth, low yield, discoloration and 

even leaf burns at margin or top. The safe limits of electrical conductivity for crops of different 



 Annual Ground Water Quality Report 2025 

8 

 

degrees of salt tolerances under varying soil textures and drainage conditions are presented in 

Table - 2. 

2.5.1  Sodium Adsorption Ratio (SAR) & Residual Sodium Carbonate (RSC)  

     SAR is an important parameter used to assess the suitability of groundwater for 

irrigation in terms of sodium content. It is the ratio of the concentration of sodium (Na ) to the 

concentrations of calcium (CaĮ ) and magnesium (MgĮ ) in water. 

ἡἋἠ
ἚἩ

ЍἍἩ ἙἯȾ
 

     High levels of sodium in water can lead to the dispersion of soil particles, resulting in 

soil structure degradation and reduced water infiltration . This condition is known as alkali 

soil or sodium toxicity, which can severely reduce crop growth. A SAR value of less than 10 

is considered suitable for most soils (Table 3).  

      Residual Sodium Carbonate (RSC) is an important index that helps assess the 

potential for water to cause alkalinity in the soil. Alkaline water can adversely affect soil 

structure, crop yield, and overall land productivity. RSC is a measure of the excess amount of 

carbonate ions in water, which can combine with calcium and magnesium in the soil, leading 

to soil sodicity (high levels of sodium). 

The formula to calculate RSC is as follows: 

ἠἡἍ ἒἍἛ ἍἛ  ἍἩ ἙἯ 

     Sodium Percentage (Na%) refers to the proportion of sodium ions (Na ) relative to 

the total cation concentration (which includes sodium, calcium, and magnesium ions) in the 

water. It is an important indicator for assessing the sodicity potential of irrigation water, as high 

sodium concentrations can lead to soil dispersion and reduce soil permeability, which makes 

it harder for water and air to reach plant roots. The formula to calculate the Sodium Percentage 

(Na%) is: 

ϷἚἩ
ἚἩ ἕ

ἍἩ ἙἯ ἚἩ ἕ
ᶻ  

Table 3: Guidelines for evaluation of quality of irrigation water 

Water Class SAR RSC %Na 

Low < 10 < 1.25 < 20 

Medium >10 ï 18 1.25 ï 2.5 20 - 60 

High >18 ï 26 >2.5 > 60 

Very High > 26 
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3.0 Principal Aquifers of India    

     The Principal Aquifer Map of India  provides an overview of the major 

hydrogeological formations that constitute the countryôs groundwater reservoirs. The map 

delineates the spatial distribution of key aquifer types such as alluvium, basalt (Deccan 

Traps), granite, gneiss, sandstone, limestone, schist, and shale, along with complex 

formations like basement gneissic complexes and charnockites.  

The geological framework of an area significantly impacts the quality of groundwater, 

especially in terms of the presence and concentration of certain contaminants like fluoride , 

uranium , iron  and arsenic. The specific rock types, along with their weathering characteristics, 

mineral composition, and hydrological properties, influence how these elements are mobilized 

or dissolved into groundwater under favorable conditions. 

 
Figure 2: Principal Aquifers in India. 
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4.0 Ground Water Quality Scenario In India 

4.1 Groundwater Quality ï Basic Parameters 

     The pie chart (Fig-3) presents the compliance status of groundwater samples with 

respect to BIS:10500 (Drinking Water Standards), total no. of ground water samples 14,978. 

The groundwater quality assessment (n = 14,978) shows that about 71.7% of samples comply 

with BIS (IS 10500) permissible limits for drinking water. Around 28.3% of samples exceed 

the permissible limit for one or more parameters, indicating localized quality concerns. Overall, 

most samples meet the prescribed standards, though some areas reflect the need for focused 

monitoring and quality improvement measures. 

 

Figure 3: Distribution of water samples in compliance with permissible limit (BIS, 10500). 

 

      The figure - 4 illustrates the parameter-wise distribution of groundwater samples that 

exceeded permissible limits (BIS:10500) during the pre-monsoon, 2024. The groundwater 

quality assessment (n = 14,978) indicates that nitrate  exceeds the permissible limit in about 

20.7% of samples, showing its relatively wider presence in some areas. Fluoride (8.05%) and 

EC (7.23%) also exceed permissible limits at a few locations, reflecting local variations in 

groundwater quality. Overall, the results suggest that while nitrate exceedance is more common, 

fluoride and EC issues are observd in certain regions. 



 Annual Ground Water Quality Report 2025 

11 

 

 

Figure 4: Groundwater Samples Beyond Permissible Limits and their Parameter-wise 
Distribution (Pre-monsoon, 2024). 

4.2 Groundwater Quality ï Trace Metals 

      Exceeding trace metal concentrations in groundwater is of critical concern as it directly 

affects both human health and environmental safety. Toxic metals such as arsenic, lead, and 

uranium can cause severe neurological, skeletal, kidney, and cancer-related problems, while 

elevated iron and manganese levels pose risks, especially to infants and children. Such 

exceedance compromises the potability of groundwater, reducing its suitability for drinking and 

domestic use, and can also lead to the accumulation of metals in soils and crops, thereby 

impacting agriculture and food security. Moreover, elevated trace metal levels serve as 

indicators of geogenic release from aquifer systems or contamination from anthropogenic 

sources such as industrial effluents, mining, and fertilizers. Thus, their presence beyond 

permissible limits underscores the urgent need for systematic monitoring, preventive measures, 

and sustainable groundwater management.  

      The overall proportion of non-compliant samples is lower compared to basic 

parameters such as nitrate, fluoride, and salinity. Exceedances are largely attributed to geogenic 

factors such as aquifer lithology and mineral dissolution, along with localized anthropogenic 

inputs including industrial effluents and improper waste disposal.  
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Figure 5: Distribution of water samples for Trace Metals in compliance with permissible 
limit (BIS, 10500). 

 

     The figure-5 presents the parameter-wise distribution of groundwater samples 

exceeding permissible limits for trace metals (BIS:10500) during pre-monsoon 2024.  

 

The groundwater quality analysis for pre-monsoon 2024 shows that iron (11.71%) and 

manganese (10.94%) are the most common parameters exceeding the BIS (IS 10500) 

permissible limits. Uranium (5.34%) and arsenic (3.45%) show moderate exceedances, while 

lead (0.93%) and zinc (0.16%) remain within permissible limits at most locations. Copper is 

within permissible limits in all samples. Although iron exceedance is relatively frequent, it is 

primarily of aesthetic concern (causing taste, staining, or turbidity issues) and does not pose 

major health risks. Overall, the findings indicate localized groundwater quality concerns rather 

than widespread contamination.      

4.3 Electrical Conductivity  

     Electrical Conductivity (EC) is one of the most widely used parameters for assessing 

groundwater quality, as it provides an indirect measure of the total dissolved solids (TDS) 

present in water. It reflects the ability of water to conduct an electric current, which is directly 

proportional to the concentration of dissolved ions such as calcium, magnesium, sodium, 

potassium, chloride, sulfate, and bicarbonate. Higher EC values generally indicate elevated 

salinity levels, which may be attributed to natural processes such as mineral dissolution, rockï

water interaction, and seawater ingress, or to anthropogenic influences including irrigation 

return flows, industrial effluents, and improper waste disposal. 
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     Electrical conductance is directly related to the abundance of charged ionic compounds 

(Hem 1985). Salinity always exists in ground water but in variable amounts. It is mostly 

influenced by aquifer material, solubility of minerals, duration of contact and factors such as 

the permeability of soil, drainage facilities, and quantity of rainfall and above all, the climate 

of the area. The salinity of groundwater in coastal areas in addition to the above may be due to 

air borne salts originating from air water interface over the sea and due to over pumping of fresh 

water which overlays saline water in coastal aquifer systems.  

     Monitoring EC is important because it influences the suitability of groundwater for 

drinking, irrigation, and industrial use . While water with low EC may be unsuitable due to 

corrosiveness and lack of essential minerals, excessively high EC imparts undesirable taste, 

reduces crop productivity through soil salinization, and may lead to long-term health concerns. 

As per BIS:10500 guidelines, the acceptable limit for EC is 750 µS/cm at 25°C, with a 

permissible limit of 3000 µS/cm in the absence of an alternative source. Given its significance 

as a rapid indicator of groundwater quality, EC serves as a baseline parameter in water quality 

assessments, providing insights into the extent of salinity, hydrogeochemical processes, and 

anthropogenic stress on aquifers. 

     In the pre-monsoon EC is ranging from 14 to 32970 ɛS/cm with a mean value of 1305.7 

ɛS/cm. In Fig. 7, the EC values (in mS/cm at 250C) of ground water from 

observation/monitoring wells have been used to show distribution patterns of electrical 

conductivity in different ranges of suitability for drinking purposes. It is apparent from the map 

that majority of the waters having EC values less than 750mS/cm at 250C occur mostly in the 

states of J & K, Himachal Pradesh, Uttarakhand, N-Uttar Pradesh, Kerala, Sikkim, 

Chhattisgarh, Orissa, Western Ghats of Maharashtra & Karnataka and North- Eastern states 

such as Asam, Meghalaya, Arunachal Pradesh, Tripura etc., of the country. Groundwater with 

EC ranging between 750 and 3000mS/cm at 250C falling under ópermissibleô range are confined 

mainly to parts of Uttar Pradesh, Madhya Pradesh, Bihar, West Bengal, Andhra Pradesh, 

Karnataka, Tamil Nadu, Maharashtra, Jharkhand and Punjab.  

However, in some cases, relatively high values of EC in excess of 3000 mS/cm are observed in 

many parts of the country. Especially in Rajasthan, Gujarat, Haryana, Andhra Pradesh, 

Maharashtra, Tamil Nadu, Karnataka etc. Coastal states like Tamil Nadu, Andhra Pradesh, 

Gujarat and Maharashtra face seawater intrusion in coastal aquifers. As freshwater levels 

deplete, saltwater from the sea moves inland, raising EC levels. This is especially true in areas 

where groundwater extraction rates are higher than recharge rates. In arid and semi-arid regions 
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such as Rajasthan, Punjab, and Haryana, high evaporation rates lead to concentration of 

salts in groundwater. When water evaporates, salts in the soil or groundwater become more 

concentrated, contributing to higher EC. 

 

Figure 6: Year wise trend in Electrical Conductivity in Pre-Monsoon Samples During 2017-
2024. 

 
Figure 7: Distribution of Electrical Conductivity in India during Pre-monsoon 
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    The year-wise data (Figure-6) show a slight increase in the proportion of groundwater 

samples with EC > 3000 µS/cm, from 5.54% in 2017 to 7.23% in 2024. The values have 

remained almost stable during 2023 and 2024, indicating that overall salinity levels have not 

changed significantly in recent years. The results suggest that salinity is present in some areas, 

but it is not widespread at the national level. Overall, the data reflect a mild upward trend in 

salinity, possibly influenced by factors such as evaporation, mineral dissolution, or saline 

ingress in certain regions, though the extent remains moderate at the national scale. 

     The state-wise distribution of groundwater samples exceeding the permissible limit of 

Electrical Conductivity (EC > 3000 µS/cm), Table-4 highlights significant regional disparities 

in groundwater salinity across India.  

Table 4: State-wise Groundwater Samples Exceeding BIS (IS 10500:2012) Permissible Limit. 

Sl. 

No. 
State / UT 

Samples 

Analyzed 

Samples > Permissible 

Limit  

% Above 

Limit  

1 Rajasthan 643 303 47.12 

2 NCT of Delhi 135 45 33.33 

3 Haryana 811 167 20.59 

4 Gujarat 618 113 18.28 

5 Karnataka 398 60 15.08 

6 Tamil Nadu 929 98 10.55 

7 Andhra Pradesh 1135 111 9.78 

8 Punjab 756 53 7.01 

9 Telangana 1114 30 2.69 

10 Maharashtra 1565 40 2.56 

11 Uttar Pradesh 1333 31 2.33 

12 West Bengal 875 13 1.49 

13 Odisha 654 7 1.07 

14 Bihar 584 5 0.86 

15 Madhya Pradesh 726 6 0.83 

16 Chhattisgarh 830 1 0.12 

17 Andaman & Nicobar Islands 115 0 0.00 

18 Arunachal Pradesh 15 0 0.00 

19 Assam 145 0 0.00 

20 Chandigarh (UT) 9 0 0.00 

21 Dadra & Nagar Haveli and Daman & Diu 16 0 0.00 

22 Goa 7 0 0.00 

23 Himachal Pradesh 161 0 0.00 

24 Jammu & Kashmir 247 0 0.00 

25 Jharkhand 381 0 0.00 

26 Kerala 361 0 0.00 

27 Manipur 3 0 0.00 

28 Meghalaya 39 0 0.00 

29 Nagaland 67 0 0.00 

30 Tripura 49 0 0.00 

31 Puducherry (UT) 9 0 0.00 

32 Uttarakhand 248 0 0.00 

Total India  14,978 1,083 7.23 
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Nationally, 7.23% of groundwater samples exceeded BIS (IS 10500:2012) limits for EC. 

Rajasthan, Delhi, Haryana, and Gujarat show higher proportions of non-compliant samples. 

Kerala, Himachal Pradesh, Assam, and Northeastern States recorded 0% exceedance, 

indicating generally good groundwater quality in respect of EC. Overall, the data suggests 

that groundwater salinity is most acute in arid and semi-arid regions, particularly in north-west 

India, while eastern and central states show comparatively minimal impact. 

4.3.1: Understanding the Impact of Seasonal Variation of Groundwater Electrical 

Conductivity (Pre- and Post-Monsoon 2024) 

     The maps (Fig. 8) present the spatial distribution of Electrical Conductivity (EC) in 

groundwater across India during pre- and post-monsoon, 2024. The categorization is based on 

BIS guidelines: <750 µS/cm (desirable), 750ï3000 µS/cm (within permissible range), and 

>3000 µS/cm (beyond permissible limit). 

During the pre-monsoon, large areas of Rajasthan, Gujarat, Haryana, and parts of Tamil Nadu 

and Karnataka exhibit EC values above 3000 µS/cm, indicating severe salinity problems. Post-

monsoon, there is a slight reduction in high EC zones, particularly in central and southern India, 

reflecting the dilution effect of rainfall recharge. However, Rajasthan, parts of Gujarat, and 

coastal belts continue to remain critical hotspots of groundwater salinity even after the 

monsoon. 

  

Figure 8: Distribution of Groundwater Electrical Conductivity in India (Pre- and Post-
Monsoon 2024). 
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     Overall, the comparison highlights that while monsoon recharge helps improve water 

quality in some regions, salinity remains a persistent issue in arid and semi-arid zones, requiring 

continuous monitoring and management interventions. 

One interesting aspect of water quality is how it changes with seasons particularly before and 

after monsoon. In the pre-monsoon period, 7.17%  of the samples had EC values greater than 

3000 µS/cm, after the monsoon recharge, this percentage decreased to 6.38% , showing a 

slight improvement in groundwater quality in post-monsoon, likely due to the recharge effect 

of rainfall, which dilutes the salts in the aquifers (Fig. 9).  

 

Figure 9: Percentage groundwater samples in various EC range, 2024 (Pre &Post). 

 

 

Figure 10: Comparison of High EC Groundwater samples during pre & post-monsoon,2024. 
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The comparison of groundwater samples with EC > 3000 µS/cm (Fig.10) during pre- and post-

monsoon 2024 indicates that high salinity levels are more prevalent before the monsoon. The 

proportion of such samples decreased slightly in the post-monsoon period, suggesting dilution 

effects due to rainfall recharge. 

Table 5: State/UT-wise Electrical Conductivity (EC) values during Pre- and Post-Monsoon 
2024 at common locations. 

Sl. 

No. 
District  

No. of 

Samples 

Analysed 

(Common 

Locations-

2024) 

Electrical 

Conductivity 

<750 ɛS/cm  

at 25 °C 

Electrical 

Conductivity 750-

3000 ɛS/cm  

at 25 °C 

Electrical 

Conductivity 

>3000 ɛS/cm  

at 25 °C 

Pre-M Post-M Pre-M Post-M Pre-M Post-M 

1 A&N Islands 28 19 22 9 6 0 0 

2 Andhra Pradesh 313 26 25 240 241 47 47 

3 Arunachal Pradesh 15 15 15 0 0 0 0 

4 Assam 127 119 118 8 9 0 0 

5 Bihar 115 31 22 81 91 3 2 

6 Chandigarh 8 7 7 1 1 0 0 

7 Chhattisgarh 249 165 197 83 52 1 0 

8 Delhi 86 8 4 41 44 37 38 

9 Goa 2 2 2 0 0 0 0 

10 Gujarat 132 1 3 68 87 63 42 

11 Haryana 189 51 59 101 96 37 34 

12 Himachal Pradesh 43 31 13 12 30 0 0 

13 Jammu & Kashmir 61 17 13 44 48 0 0 

14 Jharkhand 138 50 46 88 90 0 2 

15 Karnataka 267 32 39 194 197 41 31 

16 Kerala 185 159 170 26 15 0 0 

17 Madhya Pradesh 577 206 208 367 369 4 0 

18 Maharashtra 335 81 87 236 228 18 20 

19 Meghalaya 38 38 38 0 0 0 0 

20 Nagaland 67 63 65 4 2 0 0 

21 Odisha 413 165 154 243 256 5 3 

22 Punjab 231 66 75 140 134 25 22 

23 Rajasthan 100 9 8 50 54 41 38 

24 Tamil Nadu 286 38 42 207 205 41 39 

25 Telangana 363 58 70 294 282 11 11 

26 Uttar Pradesh 607 353 306 249 293 5 8 

27 Uttarakhand 103 95 95 8 8 0 0 

28 West Bengal 236 99 105 131 126 6 5 

  Total  5368 2051 2055 2932 2970 385 343 

 

     The post-monsoon period showed a modest improvement in groundwater quality, as 

indicated by the slight reduction in high EC values. Pre-Post changes in EC in Ground Water 

in states have been presented in Table 5. 
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Table 6: Effect of monsoon recharge on salinity at common locations during pre and post 
monsoon. 

      The table-6 presents a state-wise comparison of groundwater quality trends between 

pre- and post-monsoon 2024 at common monitoring locations. Overall, 1,520 locations showed 

no significant improvement and 1,231 locations exhibited significant improvement in water 

quality with respect to pre-monsoon values. On the other hand, deterioration was observed in 

1300 locations within 20% variation and in 1,293 locations beyond 20% variation. These results 

indicate that while post-monsoon recharge processes led to improvement in many areas, there 

Sl. 

No. 
District  

No. of Samples 

Analysed 

(Common 

Locations for 

Pre- and Post-M) 

No. of Locations 

(Where 

Improvement is 

within 20% 

w.r.t Pre-M 

Value) 

No. of 

Locations 

(Where 

Improvement 

is beyond 

20% w.r.t 

Pre-M Value) 

No. of 

Locations 

(Where 

Deterioration 

is within20% 

w.r.t Pre-M 

Value) 

No. of 

Locations 

(Where 

Deterioration 

is beyond 

20% w.r.t 

Pre-M Value) 

No Significant 

improvement 

Significant 

Improvement 

No 

Significant 

Deterioration 

Significant 

Deterioration 

1 A&N Islands 28 8 11 7 2 

2 Andhra Pradesh 313 96 60 81 74 

3 Arunachal Pradesh 15 4 5 1 5 

4 Assam 127 24 37 22 44 

5 Bihar 115 23 26 26 40 

6 Chandigarh 8 7 1 0 0 

7 Chhattisgarh 249 57 95 47 50 

8 Delhi 86 19 17 21 28 

9 Goa 2 2 0 0 0 

10 Gujarat 132 33 47 29 23 

11 Haryana 189 68 31 56 31 

12 Himachal Pradesh 43 5 1 6 31 

13 Jammu & Kashmir 61 11 6 24 19 

14 Jharkhand 138 15 19 40 64 

15 Karnataka 267 78 75 53 61 

16 Kerala 185 40 85 32 27 

17 Madhya Pradesh 577 262 90 120 103 

18 Maharashtra 335 83 84 82 86 

19 Manipur 3 0 0 1 2 

20 Meghalaya 38 9 6 6 17 

21 Nagaland 67 22 13 15 16 

22 Odisha 413 80 116 72 144 

23 Punjab 231 89 58 48 36 

24 Rajasthan 100 34 12 43 11 

25 Tamil Nadu 286 63 108 42 70 

26 Telangana 363 90 101 99 71 

27 Tripura 44 13 7 8 16 

28 UT of Puducherry 7 1 0 3 3 

29 Uttar Pradesh 607 184 50 215 152 

30 Uttarakhand 103 37 29 23 14 

31 West Bengal 236 63 41 78 53 

  Total 5368 1520 1231 1300 1293 
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are still several districts where groundwater quality worsened significantly, requiring focused 

attention for mitigation measures. 

4.4  Fluoride 

     Excessive fluoride in groundwater used for drinking poses a significant health concern, 

as prolonged consumption can lead to waterborne fluorosis, manifesting in dental and skeletal 

disorders. The presence of fluoride in groundwater is influenced by both geological conditions 

and anthropogenic activities. Geogenic contributions primarily arise from the dissolution of 

fluoride-bearing minerals such as biotite, muscovite, fluorite, hornblende, mica, fluorapatite, 

and tourmaline, which occur across sedimentary, metamorphic, and igneous formations. 

     The average fluoride concentration in the continental crust is about 611 mg/kg, though 

its distribution varies with rock type: basalt (360 µg/g), granite (810 µg/g), limestone (220 

µg/g), sandstone (180 µg/g), shale (800 µg/g), oceanic sediments (730 µg/g), and soils (285 

µg/g). While fluoride is generally sparingly soluble, its mobility and presence in natural waters 

are governed by its high electronegativity and its tendency to occur exclusively in the fluoride 

ion state. In acidic waters, the dominant species is HF. Fluoride forms strong complexes with 

metals such as aluminum, beryllium, and iron (III), particularly under sub-neutral pH 

conditions. Furthermore, due to its similar ionic radius and charge to hydroxyl (OH ), fluoride 

readily substitutes in hydroxyl-bearing mineral structures, leading to the formation of FïOH 

complexes. Under strongly acidic conditions, it may also associate with silica in rare six-

coordinated complexes. 

     In the hard rock areas, in some water samples fluoride concentration has been found 

more than permissible limit. In the fluoride affected area, decreasing Ca concentrations have 

been found under alkaline conditions with a corresponding rise in Na. 

     Earlier also so many researchers have opined that, Na-HCO3 type water provides 

favourable condition for dissolution of fluoride.                                 

                                    ὅὥὊὔὥὅὕᴼ ὅὥὅὕςὔὥ ςὊ  

pH value of aquifer solution between 5-6.5 leads to adsorption of F- on clay minerals. The 

reverse is the situation in alkaline conditions having pH value more than 7. In these 

circumstances, OHī group replaces the exchangeable Fī of clay minerals (biotite, muscovite, 

apatite, hornblende, and amphiboles), as both of these contain almost identical ionic radius 

(0.136 nm), consequently resulting in enhanced Fī concentration in aquifer. Besides these 

minerals, the anthropogenic activitiesinclude agriculture and industry may also contribute a 
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certain amount of fluorife to groundwater. Unlike the rather slow natural process of fluoride 

mobilization through rock-water interaction, its mobilization increases manifold during 

phosphate fertilizer production due to the strongly acidic reaction conditions encountered. 

Single superphosphate (SSP) is a popular phosphate fertilizer. 

 
Figure 11: Distribution of Fluoride concentration in India during Pre-monsoon (May, 2024). 
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      The occurrence of fluoride in natural water is affected by the type of rocks, climatic 

conditions, nature of hydrogeological strata and time of contact between rock and the 

circulating ground water. Presence of other ions, particularly bicarbonate and calcium ions also 

affect the concentration of fluoride in ground water. It is well known that small amounts of 

fluoride (less than 1.0 mg/L) have proven to be beneficial in reducing tooth decay. However, 

high concentrations such as 1.5 mg/L of F and above have resulted in staining of tooth enamel 

while at still higher levels of fluoride ranging between 5.0 and 10 mg/L, further pathological 

changes such as stiffness of the back and difficulty in performing natural movements may take 

place. BIS has recommended an upper desirable limit of 1.0 mg/L of F- as desirable 

concentration of fluoride in drinking water, which can be extended to 1.5 mg/L of F in case no 

alternative source of water is available. In the pre-monsoon Fluoride is ranging from BDL to 

22 mg/L with a mean value of 0.71 mg/L. The distribution of ground water samples with 

fluoride concentration more than 1.5 mg/L in pre and post monsoon, 2024 have been depicted 

on the map as Fig. 11.  Elevated fluoride levels are observed mainly in parts of Rajasthan, 

Gujarat, Karnataka, Andhra Pradesh, Telangana, Tamil Nadu, and Madhya Pradesh, indicating 

that fluoride enrichment is largely confined to specific regions. 

 

Figure 12: Year wise trend in Fluoride in Pre-Monsoon Samples During 2017-2024. 

      The year-wise trend of groundwater samples with fluoride concentration exceeding 

1.5 mg/L (Fig.12) shows minor fluctuations between 2017 and 2024. The proportion of such 

samples increased gradually from 5.87% in 2017 to 8.83% in 2023, followed by a slight decline 
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to 8.05% in 2024. This indicates that fluoride occurrence remains relatively stable at the 

national level, with localized variations likely influenced by hydrogeological and climatic 

conditions.  

Table 7: State-wise Groundwater Samples Exceeding BIS (IS 10500:2012) Permissible Limit. 

Sl. 

No. 
State/UT 

No. of 

Samples 

No. of Samples above 

Premissible Limit 

(Fluoride >1.5 mg/L) 

Percentage of 

samples above 

Premissible Limit 

(Fluoride >1.5 mg/L) 

1 Rajasthan 643 264 41.06 

2 Haryana 811 177 21.82 

3 NCT of Delhi 135 24 17.78 

4 Karnataka 398 67 16.83 

5 Telangana 1114 167 14.99 

6 Punjab 756 85 11.24 

7 UT of Puducherry 9 1 11.11 

8 Gujarat 618 56 9.06 

9 Andhra Pradesh 1135 102 8.99 

10 Tamil Nadu 929 72 7.75 

11 Bihar 584 39 6.68 

12 Arunachal Pradesh 15 1 6.67 

13 Uttar Pradesh 1333 54 4.05 

14 Jharkhand 381 15 3.94 

15 Chhattisgarh 830 22 2.65 

16 Maharashtra 1565 28 1.79 

17 Nagaland 67 1 1.49 

18 Himachal Pradesh 161 2 1.24 

19 Uttarakhand 248 3 1.21 

20 Odisha 654 7 1.07 

21 Madhya Pradesh 726 7 0.96 

22 West Bengal 875 8 0.91 

23 Assam 145 1 0.69 

24 Kerala 361 2 0.55 

25 Andaman & Nicobar Islands 115 0 0.00 

26 Chandigarh UT 9 0 0.00 

27 Dadra Nagar Haveli & Daman - Diu 16 0 0.00 

28 Goa 7 0 0.00 

29 Jammu & Kashmir 247 0 0.00 

30 Manipur 3 0 0.00 

31 Meghalaya 39 0 0.00 

32 Tripura 49 0 0.00 

  Total 14978 1205 8.05 

       The occurrence of high fluoride is commonly associated with crystalline and hard 

rock aquifers, such as granite and gneissic formations, where prolonged waterïrock interaction 

leads to the dissolution of fluoride-bearing minerals. Table-7 highlights significant regional 

disparities in groundwater fluoride concentration across India. Several States and Union 

Territories ð Andaman & Nicobar Islands, Chandigarh, Dadra & Nagar Haveli & Daman & 

Diu, Goa, Jammu & Kashmir, Manipur, Meghalaya, and Tripura ð recorded 0% exceedance, 

reflecting generally good groundwater quality with respect to fluoride. Overall, the data indicate 
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that fluoride occurrence is region-specific, mainly affecting hard rock areas in arid and semi-

arid zones, while most other regions remain within safe limits 

4.4.1: Understanding the Impact of Seasonal Variation of Groundwater Fluoride 

concentration (Pre- and Post-Monsoon 2024). 

     The maps (Fig. 13) present the spatial distribution of Fluoride in groundwater across 

India during pre- and post-monsoon, 2024. The categorization is based on BIS guidelines, 

10500. High fluoride occurrences are prominently observed in the arid and semi-arid regions 

of Rajasthan, Gujarat, Madhya Pradesh, Telangana, Andhra Pradesh, Karnataka, and parts of 

Odisha.  

  
Figure 13: Distribution of Groundwater Fluoride (>1.5 mg/L) in India (Pre- and Post-

Monsoon 2024). 

     The post-monsoon distribution shows a slight reduction in the density of high-fluoride 

locations in certain areas such as southern Rajasthan, Gujarat, and northern Karnataka, possibly 

due to dilution from rainfall recharge.  

However, persistent hotspots remain in central and southern India, indicating limited flushing 

and strong geogenic control on fluoride occurrence. 

Overall, the comparison highlights that while monsoon recharge helps improve water quality 

in some regions, salinity remains a persistent issue in arid and semi-arid zones, requiring 

continuous monitoring and management interventions. 
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One interesting aspect of water quality is how it changes with seasons particularly before and 

after monsoon. The analysis of groundwater samples during 2024 reveals distinct seasonal 

variations in fluoride concentration across India. During the pre-monsoon, about 82.56% of 

samples recorded fluoride concentrations below 1.0 mg/L, indicating that the majority of 

groundwater sources fall within the desirable limit prescribed by BIS (IS 10500:2012). 

Approximately 10.1% of the samples showed fluoride levels between 1.0 and 1.5 mg/L, 

representing marginally high concentrations. Around 7.34% of samples exceeded the 

permissible limit of 1.5 mg/L, reflecting areas of concern where long-term exposure could pose 

health risks such as dental or skeletal fluorosis. 

 

Figure 14: Percentage groundwater samples in various EC range, 2024 (Pre &Post) 

      In the post-monsoon period, a marginal improvement in groundwater quality was 

observed. The proportion of samples with fluoride below 1.0 mg/L increased to 85.15%, while 

the percentage of samples exceeding 1.5 mg/L decreased slightly to 5.92%. This reduction 

suggests a dilution effect due to monsoon recharge, which temporarily lowers fluoride 

concentrations in the aquifer system. 

The proportion of samples exceeding 1.5 mg/L declined from 7.34% in pre-monsoon to 

5.92%. Concurrently, the share of samples with fluoride below 1.0 mg/L increased to 85.15%, 

further supporting the dilution. 

Overall, the comparison (Fig.14) indicates a general decline in the number of samples 

exceeding 1.5 mg/L fluoride concentration during the post-monsoon, attributed mainly to 

dilution from monsoon recharge. However, the persistence of high fluoride levels in Telangana, 

Gujarat, and Karnataka highlights areas where fluoride contamination is dominantly geogenic 

and less influenced by seasonal recharge processes. Pre-Post changes in Fluoride concentration 

in Ground Water in states have been presented in Table 8. Figure - 15 compares the number of 
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groundwater sampling locations with fluoride concentrations above the permissible limit (1.5 

mg/L) during pre-monsoon and post-monsoon 2024 across major states. 

 

Figure 15 :Comparison of High Fluoride Groundwater samples during pre & post-
monsoon,2024. 

In most states, the number of high-fluoride sites remains broadly similar before and after the 

monsoon, with slight reductions seen in Gujarat, Delhi and Uttar Pradesh. 

 

Table 8: State/UT-wise Fluoride values during Pre- and Post-Monsoon 2024 at common 
location. 

Sl. 

No. 
District  

No. of 

Samples 

Analysed 

(Common 

Locations-

2024) 

No. of Samples 

Fluoride <1.0 

mg/L 

Fluordie 1-1.5 

mg/L 

Fluoride > 1.5 

mg/L 

Pre-M Post-M Pre-M Post-M Pre-M Post-M 

1 A&N Islands 28 27 28 1 0 0 0 

2 Andhra Pradesh 313 228 246 54 40 31 27 

3 Arunachal Pradesh 15 13 15 1 0 1 0 

4 Assam 127 117 126 9 0 1 1 

5 Bihar 115 70 86 23 24 22 5 

6 Chandigarh 8 7 8 1 0 0 0 

7 Chhattisgarh 249 209 234 28 8 12 7 

8 Delhi 86 57 54 10 11 19 21 

9 Goa 2 2 2 0 0 0 0 

10 Gujarat 132 63 65 24 31 45 36 

11 Haryana 189 137 133 27 36 25 20 
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Sl. 

No. 
District  

No. of 

Samples 

Analysed 

(Common 

Locations-

2024) 

No. of Samples 

Fluoride <1.0 

mg/L 

Fluordie 1-1.5 

mg/L 

Fluoride > 1.5 

mg/L 

Pre-M Post-M Pre-M Post-M Pre-M Post-M 

12 Himachal Pradesh 43 41 42 1 1 1 0 

13 Jammu & Kashmir 61 60 60 1 1 0 0 

14 Jharkhand 138 103 117 26 16 9 5 

15 Karnataka 267 175 186 50 48 42 33 

16 Kerala 185 178 181 5 3 2 1 

17 Madhya Pradesh 577 532 552 39 24 6 1 

18 Maharashtra 335 313 313 12 17 10 5 

19 Manipur 3 3 3 0 0 0 0 

20 Meghalaya 38 38 37 0 0 0 1 

21 Nagaland 67 63 67 3 0 1 0 

22 Odisha 413 381 366 26 32 6 15 

23 Punjab 231 179 181 25 29 27 21 

24 Rajasthan 100 54 58 21 17 25 25 

25 Tamil Nadu 286 244 245 28 30 14 11 

26 Telangana 363 225 244 65 47 73 72 

27 Tripura 44 43 44 1 0 0 0 

28 UT of Puducherry 7 6 6 0 0 1 1 

29 Uttar Pradesh 607 531 545 60 56 16 6 

30 Uttarakhand 103 101 96 0 6 2 1 

31 West Bengal 236 232 231 1 2 3 3 

  Total 5368 4432 4571 542 479 394 318 

 

Table 9: Status of Improvement and Deterioration in Groundwater Quality (Pre- vs. Post-
Monsoon 2024). 

Sl. 

No. 
District  

No. of 

Samples 

Analysed 

(Common 

Locations 

for Pre-

and Post-

M) 

No. of 

Improved 

Locations 

No. of 

Deteriorated 

Locations 

No. of 

Locations 

(Where 

Improvemen

t is within 

20% w.r.t 

Pre-M 

Value) 

No. of 

Locations 

(Where 

Improvemen

t is beyond 

20% w.r.t 

Pre-M 

Value) 

No. of 

Locations 

(Where 

Deterioratio

n is 

within20% 

w.r.t Pre-M 

Value) 

No. of 

Locations 

(Where 

Deterioratio

n is beyond 

20% w.r.t 

Pre-M 

Value) 

No Significant 

improvement 

Significant 

Improvement 

No Significant 

Deterioration 

Significant 

Deterioration 

1 
A&N 

Islands 
28 14 13 2 12 7 6 

2 
Andhra 

Pradesh 
313 180 130 53 127 28 102 

3 
Arunachal 

Pradesh 
15 13 2 0 13 0 2 

4 Assam 127 77 47 2 75 3 44 

5 Bihar 115 87 27 11 76 5 22 

6 Chandigarh 8 4 3 4 0 1 2 
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Sl. 

No. 
District  

No. of 

Samples 

Analysed 

(Common 

Locations 

for Pre-

and Post-

M) 

No. of 

Improved 

Locations 

No. of 

Deteriorated 

Locations 

No. of 

Locations 

(Where 

Improvemen

t is within 

20% w.r.t 

Pre-M 

Value) 

No. of 

Locations 

(Where 

Improvemen

t is beyond 

20% w.r.t 

Pre-M 

Value) 

No. of 

Locations 

(Where 

Deterioratio

n is 

within20% 

w.r.t Pre-M 

Value) 

No. of 

Locations 

(Where 

Deterioratio

n is beyond 

20% w.r.t 

Pre-M 

Value) 

No Significant 

improvement 

Significant 

Improvement 

No Significant 

Deterioration 

Significant 

Deterioration 

7 Chhattisgarh 249 191 53 18 173 8 45 

8 Delhi 86 34 47 10 24 9 38 

9 Goa 2 2 0 0 2 0 0 

10 Gujarat 132 68 64 21 47 22 42 

11 Haryana 189 72 114 32 40 32 82 

12 
Himachal 

Pradesh 
43 21 20 1 20 1 19 

13 
Jammu & 

Kashmir 
61 38 23 14 24 5 18 

14 Jharkhand 138 70 66 16 54 14 52 

15 Karnataka 267 130 136 33 97 31 105 

16 Kerala 185 91 67 13 78 6 61 

17 
Madhya 

Pradesh 
577 288 270 82 206 51 219 

18 Maharashtra 335 130 194 32 98 37 157 

19 Manipur 3 1 2 0 1 0 2 

20 Meghalaya 38 13 24 0 13 0 24 

21 Nagaland 67 31 35 2 29 0 35 

22 Odisha 413 197 200 38 159 35 165 

23 Punjab 231 87 138 42 45 35 103 

24 Rajasthan 100 59 36 24 35 16 20 

25 Tamil Nadu 286 151 120 47 104 31 89 

26 Telangana 363 212 147 64 148 45 102 

27 Tripura 44 31 13 0 31 0 13 

28 
UT of 

Puducherry 
7 2 2 1 1 1 1 

29 
Uttar 

Pradesh 
607 355 224 117 238 107 117 

30 Uttarakhand 103 27 75 4 23 3 72 

31 West Bengal 236 92 132 49 43 33 99 

  Total 5368 2768 2424 732 2036 566 1858 
      

The table-9 presents a comparative assessment of groundwater quality variations between pre- 

and post-monsoon 2024, based on common monitoring locations across India.  

     A closer analysis shows that 20% or greater improvement (significant improvement) 

was observed at 2,036 locations, whereas significant deterioration (>20% increase in 

concentration) occurred at 1858 locations, reflecting localized recharge and contamination 

dynamics. States such as Odisha, Uttar Pradesh, Chhattisgarh, and Telangana recorded a higher 
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number of improved sites, suggesting positive monsoonal recharge effects and dilution of 

Fluoride. 

     Overall, the analysis highlights that nearly half of the monitored locations showed 

quality improvement post-monsoon, emphasizing the beneficial dilution effect of rainfall 

recharge, while the persistence of deterioration at comparable proportions indicates site-specific 

factors such as aquifer type, land use, and contamination load governing groundwater 

chemistry.  

4.4.2 Remedial Measures for Fluoride 

     The fluoride remedial measures broadly adopted are ex-situ techniques. They can be 

classified into three major categories (Fig.16). 

 
Figure 16: Process-Based Classification of Fluoride Mitigation Methods. 

 

(a)  Adsorption and ion exchange 

     This technique functions on the adsorption of fluoride ions onto the surface of an active 

agent such as activated alumina, red mud, bone char, brick pieces column, mud pot and natural 

adsorbents where fluoride is removed by ion exchange or surface chemical reaction with the 

solid bed matrix.Amidst the commonly employed methods for fluoride removal, the adsorption 

approach provides a outstandingly effective and economical procedure for reducing fluoride 

levels from water within the permissible level of 1.5 mg/L. In adsorption process fluoride 

enriched water is passed through a contact bed of adsorbent used, the Fluoride gets adsorbed on 

adsorbent surface and easily gets removed by ion exchange or surface chemical reaction. After 
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a period of operation, saturated adsorbents must be refilled or regenerated.  Various adsorbents 

used for fluoride removal include Activated Alumina (AA), Bone char, Bauxite, Hematite, 

Magnesia, various rare earth materials, þy ash, limestone and clay, polymeric resins, granular 

ceramics. 

(b) Coagulation-precipitation 

     Precipitation methods are based on the addition of chemicals (coagulants and coagulant 

aids) and the subsequent precipitation of a sparingly soluble fluoride salt as insoluble. Fluoride 

removal is accomplished with separation of solids from liquid. Aluminium salts (eg. Alum), 

lime, Poly Aluminium Chloride, Poly Aluminium Hydroxy sulphate and Brushite are some of 

the frequently used materials in defluoridation by precipitation technique. The best example for 

this technique is the famous Nalgonda technique. 

Nalgonda Technique 

     Nalgonda technique involves addition of Aluminium salts, lime and bleaching powder 

followed by rapid mixing, flocculation, sedimentation, filtration and disinfection. It is opined 

that this technique is preferable at all levels because of the low price and ease of handling, is 

highly versatile and can be used in various scales from household level to community scale 

water supply. 

     The Nalgonda technique can be used for raw water having fluoride concentration 

between 1.5 and 20 mg/L and the total dissolved solids should be <1500 mg/L, and total 

hardness < 600 mg/L. The alkalinity of the water to be treated must be sufficient to ensure 

complete hydrolysis of alum added to it and to retain a minimum residual alkalinity of 1 - 2 

meq/L in the treated water to achieve a pH of 6.5 - 8.5 in treated water. Several researchers 

have attempted to improve the technique by increasing the removal efficiency of fluoride using 

Poly Aluminium Chloride (PAC) and Poly Aluminium Hydroxy Sulphate (PAHS). 

(c) Ionic Separation Processes 

     Reverse osmosis, nanofiltration, dialysis and electro dialysis are physical methods that 

have been tested for defluoridation of water. Though they are effective in removing fluoride 

salts from water, owever, there are certain procedural disadvantages that limit their usage on a 

large scale. 
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4.4.3 Recommended Interventions for Fluoride-affected Regions 

     To safeguard drinking water quality in fluoride-affected regions, a combination of 

source selection, blending, treatment, and community awareness measures is recommended. 

High-yielding wells with naturally low fluoride concentrations should be identified and 

prioritized for supplying drinking water to populations dependent on fluoride-enriched wells. 

Where feasible, blending of water from high-fluoride wells with that from low-fluoride sources 

may be adopted to achieve concentrations within the permissible limit. 

     Further, multi-village piped water supply schemes utilizing surface water with 

conventional treatment should be developed, particularly in areas where groundwater 

consistently exhibits excess fluoride. The design and implementation of such schemes should 

be guided by the hydrogeological setting and local economic conditions, ensuring both 

sustainability and affordability. 

     In regions where no alternate source is available, water treatment plants (WTPs) provide 

a viable option for ensuring safe drinking water. For example, the Public Health Engineering 

Department, Government of Bihar has already implemented WTPs to supply potable water to 

fluoride-affected rural households. 

     In addition to technological interventions, public awareness campaigns are crucial. 

Communities residing in high-fluoride areas must be sensitized to the adverse health impacts 

of dental and skeletal fluorosis and encouraged to adopt safe water practices. Reducing both the 

concentration of fluoride in drinking water and the duration of continuous exposure remains 

essential to mitigate long-term health risks. 

4.5 Nitrate  

     Nitrate in drinking water is a serious health concern. It mainly comes from excessive 

use of fertilizers, animal waste, and sewage seeping into groundwater. In India, nearly 20.71% 

of groundwater samples have been reported to exceed the permissible limit of 45 mg/L, as 

prescribed by the World Health Organization (WHO)  and the Bureau of Indian Standards 

(IS 10500) for drinking water quality. Elevated nitrate concentrations pose serious health risks, 

most notably methemoglobinemia (blue baby syndrome) in infants, while prolonged 

exposure may also affect adults, although they can tolerate slightly higher levels. Importantly, 

the prescribed limits must not be exceeded in public water supply systems, as any exceedance 

renders the water unfit for human consumption. The aqueous geochemical behavior of 

nitrogen is strongly influenced by its essential role in plant and animal nutrition. Among the 
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various nitrogen species, nitrate (NO ) is the most common contaminant detected in 

groundwater systems. Since the natural nitrogen content of soils is generally low, farmers 

frequently rely on external inputs such as ammonium nitrate, calcium nitrate, urea, and 

diammonium hydrogen phosphate to meet crop nutrient requirements. 

 

Figure 17:Distribution of Nitrate concentration in India during Pre-monsoon (May, 2024) 
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Although nitrate is the predominant form of nitrogen in groundwater, other dissolved species 

may also be present, including ammonium (NH ), ammonia (NH ), nitrite (NO ), 

molecular nitrogen (N ), nitrous oxide (N O), and organically bound nitrogen. The 

occurrence of nitrate in groundwater typically originates from nitrogen sources at or near the 

land surface, particularly within the soil zone or shallow subsoil layers where nitrogen-rich 

wastes are deposited. In many cases, elevated nitrate concentrations result from the leaching of 

fertilizers, animal wastes, or other nitrogenous residues applied to agricultural fields, which 

subsequently percolate into the aquifer system. 

     The occurrences of Nitrate in ground water beyond permissible limit (45 mg /L) have 

been shown on the map as a point source in Fig 17.  In the pre-monsoon Nitrate is ranging from 

BDL to 2070 mg/L with a mean value of 32 mg/L. High nitrate concentrations are prominently 

observed in northwestern and central India, particularly in the states of Rajasthan, Haryana, 

Punjab, Gujarat, Madhya Pradesh, and Maharashtra, extending further into parts of Telangana, 

Andhra Pradesh, Karnataka, and Tamil Nadu. These areas correspond largely to alluvial and 

hard-rock aquifers, where intensive agricultural practices, excessive fertilizer application, and 

improper disposal of domestic and animal wastes contribute to nitrate enrichment. Elevated 

nitrate levels in the Indo-Gangetic plains (Uttar Pradesh, Bihar, and West Bengal) indicate 

impacts of shallow groundwater vulnerability due to unlined sanitation systems and leaching 

from agricultural fields.  

 

Figure 18:Year wise trend in Nitrate in Pre-Monsoon Samples During 2017-2024. 
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     The yearwise trend of groundwater samples exceeding 45 mg/L nitrate concentration 

(Fig.18) indicates that the extent of nitrate contamination in India has remained largely consistent 

over the years, with minor annual fluctuations. The proportion of samples exceeding the 

permissible limit ranged between 19.5% and 21.3% during 2017ï2024. 

Table 10: State-wise Groundwater Samples Exceeding BIS (IS 10500:2012) Permissible 
Limit. 

Sl. No. State/UT 
No. of 

Samples 

No. of Samples above 

Permissible Limit 

(Nitrate >45 mg/L) 

1 Rajasthan 643 325 

2 Karnataka 398 181 

3 Tamil Nadu 929 337 

4 Maharashtra 1565 531 

5 Telangana 1114 290 

6 NCT of Delhi 135 33 

7 Andhra Pradesh 1135 275 

8 Madhya Pradesh 726 160 

9 Gujarat 618 117 

10 Jharkhand 381 66 

11 Punjab 756 111 

12 Goa 7 1 

13 Haryana 811 115 

14 Bihar 584 78 

15 Uttarakhand 248 33 

16 Odisha 654 84 

17 Himachal Pradesh 161 19 

18 UT of Puducherry 9 1 

19 Kerala 361 39 

20 Chhattisgarh 830 88 

21 Nagaland 67 7 

22 Jammu & Kashmir 247 23 

23 West Bengal 875 78 

24 Uttar Pradesh 1333 107 

25 Tripura 49 1 

26 Assam 145 2 

27 Andaman & Nicobar Islands 115 0 

28 Arunachal Pradesh 15 0 

29 Chandigarh UT 9 0 

30 Dadra and Nagar Haveli and Daman and Diu 16 0 

31 Manipur 3 0 

  Total 14978 3102 

State-wise no. of water samples analysed and no. of locations having Nitrate > 45 mg/L during 

pre-monsoon is presented in Table 10. 

4.5.1: Understanding the Impact of Seasonal Variation of Groundwater Nitrate 

concentration (Pre- and Post-Monsoon 2024). 

 

     The maps (Fig. 19) present the spatial distribution of Nitrate in groundwater across India 

during pre- and post-monsoon, 2024. The spatial distribution of groundwater samples with 
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nitrate concentration exceeding 45 mg/L (BIS permissible limit) during pre- and post-

monsoon 2024 reveals that nitrate contamination is widespread across the country, with 

minor seasonal variation between the two periods. 

  

Figure 19: Distribution of Groundwater Nitrate (>45 mg/L) in India (Pre- and Post-Monsoon 
2024). 

      

     One interesting aspect of water quality is how it changes with seasons particularly before 

and after monsoon.  

     During the pre-monsoon period, about 73.53% of samples were within the permissible 

limit, while 26.47% exceeded it (Fig.20). In the post-monsoon period, compliance remained 

nearly similar, with 72.95% of samples meeting the standard and 27.05% exceeding it. This 

indicates that nitrate contamination persists with only marginal seasonal variation, suggesting 

that rainfall recharge has limited dilution effect on nitrate concentrations in groundwater. 

The consistent exceedance of nitrate levels in approximately one-fourth of the monitored 

samples highlights the continued influence of anthropogenic sources such as fertilizer leaching, 

domestic wastewater infiltration, and unlined sanitation systems, especially in shallow aquifers. 

The findings emphasize the need for sustainable nutrient management and improved waste 

disposal practices to control nitrate loading in groundwater. 
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Figure 20: Status of Nitrate Contamination in Groundwater: Pre- and Post-Monsoon 
Comparison (2024) 

      The comparison of groundwater samples exceeding 45 mg/L nitrate concentration 

shows that nitrate occurrence is widespread across several states, with only minor seasonal 

variation between pre- and post-monsoon 2024. Higher numbers of affected samples are 

observed in Maharashtra, Madhya Pradesh, Andhra Pradesh, Telangana, and Karnataka, 

indicating continued influence of agricultural and domestic sources. 

In a few states such as Punjab, Uttar Pradesh, and Gujarat, a slight reduction in high-nitrate 

samples after the monsoon suggests some dilution effect from rainfall recharge.  

 

Figure 21: Comparison of High Fluoride Groundwater samples during pre & post-
monsoon,2024 
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Table 11: State/UT-wise Nitrate values during Pre- and Post-Monsoon 2024 at common 
location. 

Sl. No. District  

No. of Samples 

Analysed 

(Common 

Locations-2024) 

No. of Samples 

Nitrate <45 mg/L Nitrate > 45 mg/L 

Pre-M Post-M Pre-M Post-M 

1 A&N Islands 28 28 28 0 0 

2 Andhra Pradesh 313 184 170 129 143 

3 Arunachal Pradesh 15 15 15 0 0 

4 Assam 127 125 122 2 5 

5 Bihar 115 44 89 71 26 

6 Chandigarh 8 8 8 0 0 

7 Chhattisgarh 249 223 230 26 19 

8 Delhi 86 61 63 25 23 

9 Goa 2 1 1 1 1 

10 Gujarat 132 59 62 73 70 

11 Haryana 189 154 143 35 46 

12 Himachal Pradesh 43 28 35 15 8 

13 Jammu & Kashmir 61 40 39 21 22 

14 Jharkhand 138 84 78 54 60 

15 Karnataka 267 144 127 123 140 

16 Kerala 185 153 160 32 25 

17 Madhya Pradesh 577 436 425 141 152 

18 Maharashtra 335 157 115 178 220 

19 Manipur 3 3 3 0 0 

20 Meghalaya 38 38 37 0 1 

21 Nagaland 67 60 60 7 7 

22 Odisha 413 341 375 72 38 

23 Punjab 231 167 174 64 57 

24 Rajasthan 100 56 51 44 49 

25 Tamil Nadu 286 183 155 103 131 

26 Telangana 363 233 233 130 130 

27 Tripura 44 43 42 1 2 

28 UT of Puducherry 7 7 5 0 2 

29 Uttar Pradesh 607 567 574 40 33 

30 Uttarakhand 103 98 102 5 1 

31 West Bengal 236 207 195 29 41 

  Total 5368 3947 3916 1421 1452 
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Table 12:Comparative Status of Nitrate Improvement and Deterioration in  
Groundwater, 2024 

Sl. 

No. 
District  

No. of 

Samples 

Analysed 

(Common 

Locations 

for Pre- 

and Post-

M) 

No. of 

Improved 

Locations 

No. of 

Deteriorat

ed 

Locations 

No. of 

Locations 

(Where 

Improvemen

t is within 

20% w.r.t 

Pre-M 

Value) 

No. of 

Locations 

(Where 

Improvemen

t is beyond 

20% w.r.t 

Pre-M 

Value) 

No. of 

Locations 

(Where 

Deterioratio

n is 

within20% 

w.r.t Pre-M 

Value) 

No. of 

Locations 

(Where 

Deterioration 

is beyond 

20% w.r.t 

Pre-M 

Value) 

No 

Significant 

improvement 

Significant 

Improvement 

No Significant 

Deterioration 

Significant 

Deterioration 

1 A&N Islands 28 15 11 0 15 1 10 

2 
Andhra 

Pradesh 
313 150 158 31 119 25 133 

3 
Arunachal 

Pradesh 
15 7 6 1 6 0 6 

4 Assam 127 54 61 6 48 4 57 

5 Bihar 115 94 20 6 88 3 17 

6 Chandigarh 8 2 3 0 2 0 3 

7 Chhattisgarh 249 144 80 44 100 12 68 

8 Delhi 86 45 34 11 34 6 28 

9 Goa 2 2 0 0 2 0 0 

10 Gujarat 132 62 64 14 48 14 50 

11 Haryana 189 63 97 25 38 20 77 

12 
Himachal 

Pradesh 
43 29 12 9 20 0 12 

13 
Jammu & 

Kashmir 
61 36 24 6 30 3 21 

14 Jharkhand 138 62 75 16 46 16 59 

15 Karnataka 267 115 147 25 90 15 132 

16 Kerala 185 97 70 13 84 11 59 

17 
Madhya 

Pradesh 
577 211 359 65 146 48 311 

18 Maharashtra 335 91 239 27 64 51 188 

19 Manipur 3 0 2 0 0 0 2 

20 Meghalaya 38 22 11 4 18 1 10 

21 Nagaland 67 24 34 3 21 2 32 

22 Odisha 413 230 165 41 189 15 150 

23 Punjab 231 111 84 28 83 15 69 

24 Rajasthan 100 52 41 19 33 9 32 

25 Tamil Nadu 286 111 169 23 88 17 152 

26 Telangana 363 187 166 27 160 20 146 

27 Tripura 44 21 18 5 16 1 17 

28 
UT of 

Puducherry 
7 1 6 1 0 0 6 

29 
Uttar 

Pradesh 
607 273 217 83 190 39 178 

30 Uttarakhand 103 60 13 6 54 1 12 

31 West Bengal 236 79 122 18 61 13 109 

  Total 5368 2450 2508 557 1893 362 2146 
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     The comparative assessment of nitrate concentration between pre- and post-monsoon 

2024, based on 5368 common monitoring locations across the country, shows a mixed pattern 

of improvement and deterioration in groundwater quality. Out of the total locations, 2450 sites 

exhibited improvement, while 2508 sites showed deterioration, indicating an almost balanced 

overall trend with minor seasonal variability. 

A detailed examination reveals that 1893 locations showed significant improvement (beyond 

20% reduction in nitrate concentration), whereas 2146 locations experienced significant 

deterioration (beyond 20% increase). 

4.5.2 Nitrate Removal Options in Groundwater 

     The removal of nitrate from groundwater can be achieved through both non-treatment 

approaches and treatment-based technologies, though it is important to note that no single 

method is capable of eliminating all nitrogen species completely. 

a) Methods involving no treatment: In order to use any of these options the nitrate problem 

must be local-scale. Common methods are ï 

¶ Raw water source substitution 

¶ Blending with low nitrate waters 

This greatly reduces expenses and helps to provide safer drinking water to larger numbers of 

people. 

b) Methods involving Treatment: 

They are as follows 

¶ Adsorption/Ion Exchange 

¶ Reverse Osmosis 

¶ Electrodialysis 

¶ Bio-chemical Denitrification (By using denitrifying bacteria and microbes) 

¶ Catalytic Reduction/Denitrification (using hydrogen gas) 

 

      The mechanism of nitrate persistence in groundwater is influenced by complex 

biogeochemical processes, including recharge conditions and waterïrock interactions. Unlike 

other contaminants such as fluoride, arsenic, or heavy metals, nitrate is highly soluble with 

limited potential for co-precipitation or adsorption, making traditional treatment methods such 

as coagulation, lime softening, or filtration largely ineffective. 

According to King et al. (2012), nitrate treatment technologies can be broadly categorized into: 

¶ Nitrate removal technologies ï physical processes (e.g., RO, ion exchange, 

electrodialysis) that extract nitrate without altering its chemical state. 
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¶ Nitrate reduction technologies ï biochemical or catalytic processes that transform 

nitrate ions into other nitrogen species, such as ammonia or harmless nitrogen gas. 
 

     Bioremediation has emerged as a promising and sustainable technique for the mitigation 

of nitrate contamination in groundwater. This method relies on the activity of denitrifying 

bacteria and microorganisms, which reduce nitrate ions (NO ) into gaseous forms of nitrogen 

(N  or N O) under anaerobic conditions, thereby permanently removing nitrate from the water 

system. The efficiency of this process depends on factors such as the availability of organic 

carbon, redox potential, aquifer geochemistry, and groundwater flow conditions. 

      In -situ bioremediation involves enhancing the natural microbial activity within the 

aquifer by injecting suitable electron donors (e.g., acetate, ethanol, or molasses), which 

stimulate denitrification at the contamination site. Ex-situ bioremediation, on the other hand, 

treats pumped groundwater through bioreactors or constructed wetlands before re-injecting or 

supplying it for use. 

      Compared to physicochemical processes like reverse osmosis or ion exchange, 

bioremediation offers the advantages of lower operational costs, minimal secondary waste 

generation, and long-term sustainability. However, its application requires careful 

monitoring to avoid the production of undesirable by-products (such as nitrite or ammonium) 

and to ensure stable microbial activity. Recent studies also highlight the potential of engineered 

bio-barriers and permeable reactive zones, which use organic substrates to promote 

denitrification as groundwater flows through them. 

 
Figure 22: Advanced Nitrate Reduction Hollow Fiber Membrane Reactor (Source: Hand 

Book for Drinking Water Treatment, JJM, Ministry of Jal Shakti, Gov. of India 
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Below are the strategies and practices to prevent and mitigate high nitrate contamination in 

groundwater: 

 

4.5.3 Management Interventions to Control Nitrate Contamination 

Efficient Fertilizer Management 

× Soil Testing: Conduct regular soil tests to assess nutrient levels and determine precise 

fertilizer requirements. This ensures that fertilizers are applied in the correct amounts, 

reducing wastage. 

× Fertilizer Timing : Apply fertilizers during periods when crops are most likely to absorb 

nutrients, minimizing the potential for nitrate runoff or leaching. 

× Use of Organic Fertilizers: Encourage the use of organic fertilizers, which release nutrients 

more slowly and can help improve soil structure and water retention. 

Septic System Maintenance 

× Regular Inspection and Maintenance: Ensure that septic systems are inspected and 

pumped regularly to avoid leaks and overflow, which can contribute to nitrate 

contamination. 

× Proper Location: Install septic systems at appropriate distances from wells and water 

sources to prevent contamination.  

Proper Management of Animal Wastes 

× Manure Storage: Properly store animal waste in sealed and impermeable structures to 

prevent nitrogen from leaching into the soil and groundwater. 

× Integrated Nutrient Management: Incorporate animal waste into nutrient management 

systems to balance the application of organic and synthetic fertilizers, preventing excess 

nitrogen from entering the soil. 

4.6 Arsenic 

     Excessive and prolonged consumption of inorganic arsenic through drinking water is a 

major health concern, leading to a condition known as arsenicosis. This progressive and 

debilitating disease is marked by skin lesions, abnormal pigmentation, and the development of 

patches on the palms and soles. Chronic arsenic exposure can ultimately result in serious health 

outcomes, including skin and internal cancers. In addition to its carcinogenic effects, long-term 
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exposure to arsenic has also been linked to cardiovascular complications and an increased risk 

of diabetes. These health impacts underscore the critical need for monitoring and controlling 

arsenic levels in drinking water sources.  

     Arsenic contamination in groundwater has been reported in several Indian states, 

including Assam, Bihar, Chhattisgarh, Jharkhand, Punjab, and Uttar Pradesh (Fig. 23). In states 

such as Bihar, West Bengal, Asam and Uttar Pradesh, the presence of arsenic is primarily 

associated with alluvial formations found in the Ganga and Brahmaputra River basins. These 

sedimentary deposits are particularly susceptible to arsenic mobilization under certain 

geochemical conditions.     

  
Figure 23: Distribution of Arsenic concentration in India (Pre- and Post-Monsoon 2024). 

      In contrast, the occurrence of arsenic in Chhattisgarh is geologically distinct, as it is 

confined to volcanic rock formations within the north-south trending Dongargarh-Kotri ancient 

rift zone. This highlights the varying geological settings responsible for arsenic contamination 

across different regions. Understanding these regional and geological variations is essential for 

developing targeted mitigation strategies and managing the risks associated with arsenic in 

drinking water sources. 

In arsenic-prone regions, especially in alluvial plains (e.g., Ganga-Brahmaputra basins), post-

monsoon reducing conditions can cause desorption of arsenic from iron oxides, increasing its 

mobility in groundwater. 
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      Overall, the results highlight that arsenic contamination in groundwater is spatially 

concentrated, with eastern and northern states (West Bengal, Bihar, Punjab, J&K, and parts 

of Uttar Pradesh and Assam) contributing the majority of arsenic-affected samples. In contrast, 

central and southern states show minimal exceedance. This indicates the need for region-

specific monitoring and mitigation strategies, particularly in high-risk states such as West 

Bengal and Bihar, where arsenic exposure poses a significant risk to public health. 

 

4.6.1: Understanding the Impact of Seasonal Variation of Groundwater Arsenic 

concentration (Pre- and Post-Monsoon 2024). 

      The distribution of groundwater samples with respect to arsenic concentration 

(permissible limit: 0.01 mg/L as per BIS 10500:2012) indicates that the majority of samples 

comply with the standard during both pre- and post-monsoon 2024. 
 

  
Figure 24: % Arsenic Samples exceeding permissible limits in Pre and Post monsoon. 

      In the pre-monsoon period, 96.40% of the samples were within the permissible limit, 

while only 3.60% exceeded it. During the post-monsoon, compliance improved marginally to 

96.60%, with 3.40% of samples showing arsenic concentration above the standard. This slight 

reduction in non-compliant samples after the monsoon suggests a minor dilution effect due to 

recharge, though the overall change remains limited. 

The consistently low proportion of arsenic exceedances indicates that arsenic contamination in 

groundwater is localized rather than widespread.  
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Table 13: Comparative Overview of Arsenic exceedance (no. of Samples) ς Pre- and Post-
Monsoon 2024. 

Sl. 

No. 
District  

No. of Samples Analysed 

in both seasons i.e. pre-

Monsoon and Post-

Monsoon 

No. of Samples Arsenic 

>10 ppb 

Pre-M Post-M 

1 A&N Islands 28 0 0 

2 Andhra Pradesh 0 0 0 

3 Arunachal Pradesh 15 0 0 

4 Assam 154 4 1 

5 Bihar 13 6 5 

6 Chandigarh 8 0 0 

7 Chhattisgarh 257 0 0 

8 Delhi 86 0 0 

9 Goa 6 0 0 

10 Gujarat 114 0 1 

11 Haryana 160 2 2 

12 Himachal Pradesh 0 0 0 

13 Jammu & Kashmir 17 2 2 

14 Jharkhand 0 0 0 

15 Karnataka 118 2 2 

16 Kerala 185 0 0 

17 Madhya Pradesh 49 0 0 

18 Maharashtra 0 0 0 

19 Manipur 3 0 0 

20 Meghalaya 38 0 0 

21 Mizoram 0 0 0 

22 Nagaland 66 0 0 

23 Odisha 413 6 5 

24 Punjab 296 27 28 

25 Rajasthan 100 0 0 

26 Tamil Nadu 286 5 7 

27 Telangana 0 0 0 

28 Tripura 44 0 0 

29 UT of Puducherry 7 0 0 

30 Uttar Pradesh 612 23 26 

31 Uttarakhand 104 0 0 

32 West Bengal 236 46 37 

    3415 123 116 
 

A total of 3,415 groundwater samples were analyzed across 32 States/UTs during both pre-

monsoon and post-monsoon seasons to assess the occurrence of arsenic contamination (>10 

ppb). 
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¶ During the pre-monsoon season, 123 samples (3.6%) exceeded the permissible limit of 

10 ppb for arsenic. 

¶ In the post-monsoon season, 116 samples (3.4%) exceeded this limit, indicating a 

marginal decline in arsenic occurrence after the monsoon. 

High arsenic concentrations were predominantly observed in the Indo-Gangetic alluvial plains, 

particularly in West Bengal (19.5% pre-monsoon; 15.7% post-monsoon), Uttar Pradesh (3.8% 

pre-monsoon; 4.2% post-monsoon), and Punjab (9.1% pre-monsoon; 9.5% post-monsoon). 

Minor occurrences were also reported from Assam, Odisha, Jammu & Kashmir, Haryana, 

Karnataka, and Tamil Nadu.States such as A&N Islands, Goa, Kerala, Madhya Pradesh, 

Rajasthan, and others showed no detectable arsenic contamination in any of the analyzed 

samples. 

     Overall, the data suggest that arsenic contamination remains localized but persistent in 

parts of eastern and northwestern India, emphasizing the need for continued monitoring and 

mitigation efforts in the affected regions. 

4.6.2 Remedial Measures and Recommendations (Arsenic): 

Short-Term Mitigation  

× Adoption of household treatment plants which are effective, efficient and low cost 

× Conjunctive use of piped surface and GW 

× Construction of hand pumps with removal plants  

× Installing community water supply systems 

× Replacement of affected wells with tube wells of As free aquifer. 

 Long-Term Mitigation  

× Tapping alternate safe aquifer for drinking purposes 

× Adoption of Mini water supply scheme attached with treatment plants 

× Construction of deeper wells with cement sealing technique method of CGWB  

× Adoption of rain water harvesting 

× Public awareness and education 

× Research and Development: To explore new and more efficient treatment technologies 

and strategies 



 Annual Ground Water Quality Report 2025 

46 

 

Arsenic Remediation Mechanism                       

× Oxidation                                                                                  

× Precipitation 

× Membrane Techniques 

× Bioremediation 

 

 

4.6.3 Work Done by CGWB towards Mitigation of Arsenic Contamination 

     Based on the findings of the studies and experience of ground water exploration, CGWB 

has developed certain methods for constructing arsenic free wells by employing suitable 

designing of wells and cement sealing techniques. Such techniques of construction of 

contaminant free bore wells/ tube wells are shared with the state ground water departments to 

use them in similar terrains. 

     In the multi-aquifer system, the cement sealing technique was adopted to prevent the 

mixing of arsenic contaminated water with arsenic free ground water. So far, 522 exploratory 

wells tapping arsenic safe aquifers have been constructed under NAQUIM programme 

including 40 in Bihar, 188 in West Bengal and 294 in Uttar Pradesh with this technique. The 

innovative cement sealing technique of CGWB has been shared with the state agencies to utilize 

to construct arsenic free wells. 
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Figure 25:Cement sealing technique to prevent the mixing of arsenic contaminated water 
with arsenic free ground water. 

4.7 Uranium 

     Uranium occurs naturally in groundwater and surface water. Being a radioactive 

mineral, high uranium concentration can cause impact on water, soil and health. Uranium has 

both natural and anthropogenic source that could lead to the aquifer. These sources include 

leaching from natural deposits, release in mill tailings, and emissions from the nuclear industry, 

combustion of coal and other fuels and the use of phosphate fertilizers that contains uranium 

and contribute to ground water pollution. Uranium enters in human tissues mainly through 

drinking water, food, air and other occupational and accidental exposures. Intake of uranium 

through air and water is normally low, but in circumstances in which uranium is present in a 

drinking water source, the majority of intake can be through drinking water. Permissible 

uranium concentration limits in drinking water across different countries is given in Table 17.  

     Water with uranium concentration above the recommended maximum permissible 

concentration of 30 ppb (BIS,10500:2012) is not safe for drinking purposes as it can cause 

damage to internal organs, on continuous intake. Elevated uranium concentrations in drinking 
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water have been associated with many epidemiological studies such as urinary track cancer as 

well as kidney toxicity.  A recent study, found a strong correlation between uranium 

concentration in drinking water and uranium in bone, suggesting that bones are good indicators 

of uranium exposed via ingestion of drinking water. Therefore, such studies trigger further 

assessment of uraniumôs adverse health effects on humans and/or the environment for countries 

where elevated uranium concentration in drinking water has been observed. Hence, it becomes 

important to study the level of uranium in drinking water for health risk assessment.  

     Uranium concentration in the shallow ground water varies primarily due to recharge and 

discharge, which would have dissolved or leached the uranium from the weathered soil to 

groundwater zone. High uranium concentrations observed in groundwater may be due to local 

geology, anthropogenic activities, urbanization and use of phosphate fertilizers in huge quantity 

for agriculture purpose.  

     Studies have shown that phosphate fertilizer possess uranium concentration ranging 

from 1 mg/kg to 68.5 mg/kg (Brindha K et al., 2011). Hence, the phosphate fertilizers 

manufactured from phosphate rocks may also contribute uranium to ground water in agriculture 

region. In ores, uranium is found as uranite (UO2
2+) and pitchblende (U3O8

2+) or in the form of 

secondary minerals (complex oxides, silicates, phosphates, vanadates). 

Table 14:Summary of uranium concentrations in different types of rocks. 

 

 
 

Table 15: Standards and guidelines for uranium in drinking water in various countries. 

Sl. No Country  Guideline value (µg/L) Reference 

1 Australia GV 17 NHMRC, Australia (2011) 

2 Bulgaria ML 60 European Food Safety Authority (2009) 

3 Canada MAC 20 Health Canada (2019) 

4 Finland  RV 100 European Food Safety Authority (2009) 

5 India RBL 60 AERB, India (2004) 

6 India PL 30 BIS,2012 

7 Malaysia MAV 2 Ministry of Health Malaysia (2004) 

8 USA MCL 30 USEPA (2011) 

9 WHO PGV 30 WHO 2011 

GV, Guideline value; ML, Maximum limit; MAC, Most acceptable concentration; RV, Recommended value; RBL, 

Radiological based limit; PL, Permissible Limit; MAV, Maximum acceptable value; MCL, Maximum contaminant 

level; PGV, Provisional guideline value 

      

Rocks Range(mg/kg) 

Granite 3.4 

Limestone/dolomite 2.2 

Argillaceous shale 3.7 

Sediments 1.4-53 

Phosphates 30-100 
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To assess the Uranium concentration and distribution in the ground water, Central Ground 

Water Board (CGWB) carried out Uranium sampling of its National Hydrograph Network 

Stations (NHNS) during pre& post monsoon monitoring (2024). The sample collection and 

storage were done according to the standard protocols prescribed by APHA (2017). The 

groundwater samples were collected in HDPE bottles. Uranium (U) was detected using 

Inductively Coupled Plasma Mass-spectrometry and LED Fluorimeter Uranium analyser. To 

ensure quality control, duplicate and standard checks were performed on every ten samples. In 

addition, a trace element standard reference material was examined.  

  
Figure 26:Spatial Distribution of Uranium in Groundwater ς Pre & Post Monsoon, 2024. 

 

      High uranium concentrations are mainly observed in northwestern and central India, 

particularly across Punjab, Haryana, Rajasthan, and parts of Gujarat and Madhya Pradesh 

(Fig.26). Localized occurrences are also noted in parts of Telangana, Karnataka, and Jharkhand. 

4.7.1 : Understanding the Impact of Seasonal Variation of Groundwater Uranium 

concentration (Pre- and Post-Monsoon 2024). 

 

      During the pre-monsoon, about 93.29% of samples were within the permissible limit, 

while 6.71% exceeded it. In the post-monsoon period, compliance slightly declined to 92.09%, 

with 7.91% of samples showing concentrations above the standard. 
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Figure 27:: % Uranium Samples exceeding permissible limits in Pre and Post monsoon 

      A total of 3,754 groundwater samples were tested across India during Pre- and Post-Monsoon 

2024 to check uranium concentration. Samples with uranium levels above the safe limit of 30 ppb were 

found in 6.71% during the Pre-Monsoon and 7.91% during the post-monsoon, showing a slight increase 

after rainfall. 

     The highest uranium contamination was observed in Punjab, where over half of the samples 

(53.04% pre-monsoon and 62.50% post-monsoon) exceeded the limit. High levels were also found in 

Haryana (15ï23.75%), Delhi (13ï15.66%), Karnataka (6ï8%), and Uttar Pradesh (5ï6%). Moderate 

contamination occurred in Rajasthan and Chhattisgarh, while most other states showed uranium levels 

within safe limits. 

     Spatially, northwestern India (Punjab, Haryana, Delhi, parts of Rajasthan and Uttar Pradesh) 

emerged as the main hotspot of uranium contamination, likely due to geogenic factors, groundwater 

depletion, and aquifer characteristics. In contrast, eastern and southern India recorded minimal 

contamination. 

     Overall, the study shows that while most groundwater in India is safe, certain regions face rising 

uranium levels, emphasizing the need for regular monitoring and local mitigation measures to protect 

drinking water quality and health. 
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Table 16:Comparative Overview of Uranium exceedance (% of Samples) ς Pre- and Post-
Monsoon 2024. 

Sl. No. District  

No. of Samples 

Analysed in both 

seasons i.e. pre-

Monsoon and 

Post-Monsoon 

No. of Samples having 

Uranium >30 ppb  

Percentage of 

Sampleshaving 

Uranium >30 ppb 

Pre-M Post-M Pre-M Post-M 

1 A&N Islands 27 0 0 0.00 0.00 

2 Andhra Pradesh 0 0 0 0 0 

3 Arunachal Pradesh 15 0 0 0.00 0.00 

4 Assam 154 0 0 0.00 0.00 

5 Bihar 13 0 0 0.00 0.00 

6 Chandigarh 8 0 0 0.00 0.00 

7 Chhattisgarh 257 4 1 1.56 0.39 

8 Delhi 83 11 13 13.25 15.66 

9 Goa 6 0 0 0.00 0.00 

10 Gujarat 126 3 2 2.38 1.59 

11 Haryana 160 24 38 15.00 23.75 

12 Himachal Pradesh 0 0 0 0 0 

13 Jammu & Kashmir 17 1 0 5.88 0.00 

14 Jharkhand 0 0 0 0 0 

15 Karnataka 118 10 7 8.47 5.93 

16 Kerala 185 0 0 0.00 0.00 

17 Madhya Pradesh 51 0 0 0.00 0.00 

18 Maharashtra 331 2 1 0.60 0.30 

19 Manipur 3 0 0 0.00 0.00 

20 Meghalaya 38 0 0 0.00 0.00 

21 Mizoram 0 0 0 0 0 

22 Nagaland 66 0 0 0.00 0.00 

23 Odisha 413 1 2 0.24 0.48 

24 Punjab 296 157 185 53.04 62.50 

25 Rajasthan 100 5 7 5.00 7.00 

26 Tamil Nadu 286 5 2 1.75 0.70 

27 Telangana 0 0 0 0 0 

28 Tripura 44 0 0 0.00 0.00 

29 UT of Puducherry 7 0 0 0.00 0.00 

30 Uttar Pradesh 612 29 39 4.74 6.37 

31 Uttarakhand 103 0 0 0.00 0.00 

32 West Bengal 235 0 0 0.00 0.00 

    3754 252 297 6.71 7.91 

 

4.7.2. Remedial Measures 

 

     Finding a remedy for the uranium contaminated groundwater effectively and thoroughly, 

has become need of day. Remediation technologies can be classified into physical, chemical 

and biological methods. Bioremediation is divided into plant and microorganism methods. Each 

method consists of both advantages and disadvantages and the appropriate mitigation 

techniques should be need based. 

     Adsorption has a high removal efficiency, but costs are also higher. The coagulation 

process is simple and comparatively economical, but the standard effluent concentration is hard 
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to reach, so there is a need for follow-up treatment. Combined with adsorption, coagulation can 

remove 99% of U. The extraction process can remove effluent U concentrations of less than 

0.05mg / L, but it will produce a lot of sludge. Reverse osmosis is referred as a best technology, 

but due to its high cost it can not be used on community scale. The evaporation method is simple 

and effective, the removal rate is high, but there are high costs and sludge needs that must be 

dealt with. A review of various treatment technologies for Uranium removal from water and 

their technical achievability as reported by various researchers are given below in Table 25. 

Table 17:Comparison of treatment methods for removal of Uranium. 

Treatment Method  Technical Achievability (%)  

Coagulation/filtration  at high pH 

(10+) 

> 95 

Lime softening 85-99 

Anion exchange 99 

Reverse osmosis >95 

Activated alumina 90 

Coagulation/filtration  80-89 

(Source: Hand Book for Drinking Water Treatment, JJM, Ministry of Jal Shakti, Gov. of India). 

4.8 Iron  

     Iron is a naturally occurring element commonly found in groundwater, especially in 

areas with iron-rich soils and rocks. It typically enters groundwater through the dissolution of 

iron-bearing minerals. The most common forms of iron in groundwater are ferrous (FeĮ ), which 

is soluble and clear, and ferric (Feį ), which forms reddish-brown precipitates. 

While not harmful to health at low levels, high concentrations of iron can cause aesthetic and 

operational issues, such as metallic taste, staining of laundry and plumbing fixtures, and 

clogging of pipes and water systems. Iron levels above 1 mg/L are generally considered 

undesirable by drinking water standards. 

     The distribution of groundwater samples exceeding 1 mg/L iron concentration (the BIS 

permissible limit), Fig. 28 indicates that iron contamination is widespread and predominantly 

geogenic in nature.  

     High iron concentrations are notably observed across the eastern and northeastern states, 

including Assam, West Bengal, Bihar, Odisha, Jharkhand, and Chhattisgarh, extending into 

parts of Uttar Pradesh and Tripura. These regions are characterized by alluvial and lateritic 
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aquifers, where low-oxygen and acidic environments facilitate the release of soluble ferrous 

iron into groundwater. 

     Scattered occurrences are also seen in parts of Kerala, Maharashtra, and Madhya 

Pradesh, indicating localized geochemical influence. The pattern suggests that iron enrichment 

in groundwater is primarily natural, resulting from rockïwater interaction and reductive 

dissolution processes, rather than from anthropogenic activities.       

  
Figure 28: Distribution of Iron concentration in India (Pre- and Post-Monsoon 2024) 

 

4.8.1: Understanding the Impact of Seasonal Variation of Groundwater Iron 

concentration (Pre- and Post-Monsoon 2024). 

 
Figure 29: % Iron Samples exceeding permissible limits in Pre and Post monsoon. 

     During the pre-monsoon, about 86.52% of samples were within the permissible limit, 

while 13.48% exceeded it. In the post-monsoon period, compliance remained almost 
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unchanged, with 86.49% of samples meeting the standard and 13.51% exceeding it. This 

indicates that seasonal variation in iron concentration is negligible, and monsoon recharge has 

little influence on iron mobilization in groundwater. 

Table 18: Comparative Overview of Iron exceedance (% of Samples) ς Pre- and Post-
Monsoon 2024. 

Sl. 

No. 
District  

No. of Samples Analysed 

in both seasons i.e. pre-

Monsoon and Post-

Monsoon 

No. of Samples 

having Iron >1.0 

mg/L 

Percentage of Samples 

having Iron >1.0 mg/L 

Pre-M  Post-M  Pre-M  Post-M  

1 A&N Islands 28 8 6 28.57 21.43 

2 Andhra Pradesh 0 0 0 0 0 

3 Arunachal Pradesh 15 2 0 13.33 0.00 

4 Assam 154 28 12 18.18 7.79 

5 Bihar 13 8 6 61.54 46.15 

6 Chandigarh 8 0 0 0.00 0.00 

7 Chhattisgarh 257 0 0 0.00 0.00 

8 Delhi 86 7 13 8.14 15.12 

9 Goa 6 0 0 0.00 0.00 

10 Gujarat 132 2 1 1.52 0.76 

11 Haryana 160 5 9 3.13 5.63 

12 Himachal Pradesh 0 0 0 0 0 

13 Jammu & Kashmir 12 3 0 25.00 0.00 

14 Jharkhand 0 0 0 0 0 

15 Karnataka 118 3 0 2.54 0.00 

16 Kerala 181 21 4 11.60 2.21 

17 Madhya Pradesh 34 0 1 0.00 2.94 

18 Maharashtra 0 0 0 0 0 

19 Manipur 3 1 0 33.33 0.00 

20 Meghalaya 38 5 3 13.16 7.89 

21 Mizoram 0 0 0 0 0 

22 Nagaland 66 12 3 18.18 4.55 

23 Odisha 413 58 47 14.04 11.38 

24 Punjab 296 11 12 3.72 4.05 

25 Rajasthan 100 7 3 7.00 3.00 

26 Tamil Nadu 286 10 15 3.50 5.24 

27 Telangana 0 0 0 0 0 

28 Tripura 44 0 5 0.00 11.36 

29 UT of Puducherry 7 0 4 0.00 57.14 

30 Uttar Pradesh 601 144 173 23.96 28.79 

31 Uttarakhand 104 31 28 29.81 26.92 

32 West Bengal 236 92 114 38.98 48.31 

    3398 458 459 13.48 13.51 
 

     A total of 3,398 groundwater samples from 32 States/UTs were analyzed for iron concentration 

during pre- and post-monsoon seasons. 

 458 samples (13.48%) in the pre-monsoon and 459 samples (13.51%) in the post-monsoon 

exceeded the permissible limit of 1.0 mg/L for iron, indicating no significant overall seasonal variation 

at the national level. 
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 Elevated iron concentrations were primarily observed in West Bengal (39ï48%), Uttar Pradesh 

(24ï29%), Bihar (46ï62%), and A&N Islands (21ï29%), reflecting regional persistence of iron 

enrichment. 

 Moderate occurrences were noted in Assam, Odisha, Uttarakhand, and Kerala, while most other 

states, including Gujarat, Haryana, Rajasthan, Tamil Nadu, and Delhi, showed isolated or minor 

occurrences. 

 A slight increase in post-monsoon iron concentration was observed in Uttar Pradesh, West 

Bengal, and Delhi, possibly due to mobilization of iron from aquifer sediments under reducing post-

recharge conditions. 

 Conversely, reduction in iron concentration was noted in Assam, Bihar, Kerala, and Nagaland, 

suggesting dilution effects following monsoonal recharge. 

     Overall, the data indicate that iron contamination in groundwater is widespread but spatially 

variable, with no major seasonal improvement or deterioration at the national scale. However, localized 

fluctuations reflect site-specific hydrogeochemical and redox processes influenced by monsoon 

recharge. 

4.8.2 Remedial Measures and Recommendations (Iron): 

 

× Aeration and Filtration : Oxidizing ferrous iron to ferric form followed by filtration. 

× Use of Iron Removal Plants (IRPs): Especially in rural or community water supply 

schemes. 

× Activated Media Filters: Such as manganese greensand or catalytic carbon for small-

scale use. 

× Chemical Oxidation: Using chlorine, ozone, or potassium permanganate in severe 

cases. 

4.9 Manganese 

      Manganese is a naturally occurring element commonly found in groundwater, 

especially in areas with manganese-rich soils and rocks. It exists mainly in dissolved form 

(MnĮ ) under low-oxygen (reducing) conditions. While essential in small amounts, excessive 

manganese in drinking water can pose health risks. As per BIS standards, the acceptable limit 

is 0.1 mg/L, with a permissible limit of 0.3 mg/L in the absence of an alternative source.  
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Figure 30: Spatial Distribution of Manganese in Groundwater ς Pre & Post Monsoon, 2024. 

     Elevated manganese levels have been reported in several states, including Assam, 

Karnataka, Odisha, Tamil Nadu, Uttar Pradesh, and West Bengal, with contamination 

observed during both pre-monsoon and post-monsoon seasons, indicating persistent 

groundwater quality concerns in these regions. 

 

4.9.1: Understanding the Impact of Seasonal Variation of Groundwater 

Manganese concentration (Pre- and Post-Monsoon 2024). 

A total of 3,170 groundwater samples were analyzed across India to assess manganese (Mn) 

concentration exceeding the permissible limit of 0.3 mg/L.  

  

Figure 31: % Manganese Samples exceeding permissible limits in Pre and Post monsoon. 
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     Nationally, 12.02% of samples during the Pre-Monsoon and 10.79% during the post-monsoon 

period exceeded the limit, indicating a slight improvement in water quality after the monsoon.  

     Overall, while manganese contamination decreased slightly post-monsoon, several regions 

continue to show high Mn levels, likely due to natural geogenic sources, reducing aquifer conditions, 

and limited groundwater circulation. Continuous monitoring and treatment are essential to ensure safe 

drinking water in these affected zones. 

     During the pre-monsoon, about 87.98% of samples complied with the permissible limit, 

while 12.02% exceeded it. In the post-monsoon period, the compliance improved slightly to 

89.21%, with the proportion of samples exceeding the limit reducing to 10.79%. This minor 

improvement after monsoon suggests a dilution effect due to recharge and enhanced 

oxygenation in some aquifers. 

     The occurrence of high manganese concentrations is mainly attributed to geogenic 

factors, particularly reducing aquifer conditions, which promote the release of manganese from 

manganese-bearing minerals and ironïmanganese oxides. Such conditions are more common 

in alluvial and lateritic aquifers of eastern and northeastern India. 

 

Table 19: Comparative Overview of Manganese exceedance (% of Samples) ς Pre- and 
Post-Monsoon 2024. 

Sl. 

No. 
District  

No. of Samples Analysed in 

both seasons i.e. pre-

Monsoon and Post-

Monsoon 

No. of Samples having 

Manganese >0.3 mg/L 

Percentage of 

Sampleshaving 

Manganese >0.3 mg/L 

Pre-M Post-M Pre-M Post-M 

1 A&N Islands 28 14 12 50.00 42.86 

2 Andhra Pradesh 0 0 0 0 0 

3 Arunachal Pradesh 15 3 4 20.00 26.67 

4 Assam 155 41 44 26.45 28.39 

5 Bihar 13 5 6 38.46 46.15 

6 Chandigarh 8 2 1 25.00 12.50 

7 Chhattisgarh 0 0 0 0 0 

8 Delhi 86 16 0 18.60 0.00 

9 Goa 6 1 0 16.67 0.00 

10 Gujarat 132 2 6 1.52 4.55 

11 Haryana 159 5 6 3.14 3.77 

12 Himachal Pradesh 0 0 0 0 0 

13 Jammu & Kashmir 17 7 4 41.18 23.53 

14 Jharkhand 0 0 0 0 0 

15 Karnataka 118 16 13 13.56 11.02 

16 Kerala 185 0 6 0.00 3.24 

17 Madhya Pradesh 46 2 5 4.35 10.87 

18 Maharashtra 0 0 0 0 0 

19 Manipur 3 1 0 33.33 0.00 

20 Meghalaya 38 5 3 13.16 7.89 

21 Mizoram 0 0 0 0 0 

22 Nagaland 67 12 21 17.91 31.34 

23 Odisha 413 82 47 19.85 11.38 
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Sl. 

No. 
District  

No. of Samples Analysed in 

both seasons i.e. pre-

Monsoon and Post-

Monsoon 

No. of Samples having 

Manganese >0.3 mg/L 

Percentage of 

Sampleshaving 

Manganese >0.3 mg/L 

Pre-M Post-M Pre-M Post-M 

24 Punjab 296 12 17 4.05 5.74 

25 Rajasthan 98 0 1 0.00 1.02 

26 Tamil Nadu 286 26 17 9.09 5.94 

27 Telangana 0 0 0 0 0 

28 Tripura 44 11 11 25.00 25.00 

29 UT of Puducherry 7 2 2 28.57 28.57 

30 Uttar Pradesh 610 49 64 8.03 10.49 

31 Uttarakhand 104 14 11 13.46 10.58 

32 West Bengal 236 53 41 22.46 17.37 

  Total  3170 381 342 12.02 10.79 

4.9.1 Remedial Measures and Recommendations (Manganese):  

× Using aeration or chemical oxidants followed by sand or media filtration. 

× RO: Effective but more suitable for household or industrial applications  

× Manganese-Specific Media Filters: Such as greensand or filters. 

5.0 Lead 

      Lead is a toxic heavy metal that is not typically found in natural groundwater in 

significant concentrations but can enter through corroded plumbing, industrial pollution, or 

leaching from lead-bearing rocks and soils. Even low-level exposure can cause serious health 

effects, particularly in children, including neurological damage, developmental delays, and 

kidney issues.  

      As per the Bureau of Indian Standards (BIS), the permissible limit for lead in drinking 

water is 10 ppb (0.01 mg/L). 

 

5.1 Sources of Lead in Groundwater 

Geogenic Sources: 

ü Weathering of lead-bearing minerals such as galena (PbS). 

ü Presence of lead in igneous or sedimentary rocks. 

Anthropogenic Sources: 

ü Corrosion of plumbing materials (pipes, joints, fittings) containing lead. 

ü Battery manufacturing and recycling industries. 

ü Improper disposal of electronic waste (e-waste). 

ü Agricultural runoff (use of pesticides historically containing lead arsenate). 

ü Atmospheric deposition from combustion of leaded fuels (though now largely 

phased out globally). 
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     It is apperent from table 20,  a total of 2,537 groundwater samples were analyzed across India 

during Pre- and Post-Monsoon 2024 to assess lead (Pb) contamination. The findings indicate that lead 

concentrations exceeding the permissible limit of 0.01 mg/L were detected in 0.95% of samples during 

the Pre-Monsoon and 0.79% during the post-monsoon period, showing a slight improvement after 

rainfall. 

     Higher incidences of lead contamination were observed in Delhi (9.30%), Assam (3.23%), and 

Rajasthan (2.04%) during the Pre-Monsoon season, and in Odisha (2.91%) and Uttarakhand (0.96%) 

during post-monsoon. Most other states recorded either no contamination or negligible levels. 

     Overall, while lead contamination in groundwater remains low nationally, localized hotspots 

require targeted monitoring and remedial action to prevent health risks associated with heavy metal 

exposure. 

Table 20: Comparative Overview of Lead exceedance (% of Samples) ς Pre- and Post-
Monsoon 2024 

Sl. No. District No. of Samples Analysed in both 

seasons i.e. pre-Monsoon and 

Post-Monsoon 

No. of Samples Lead 

>0.01 mg/L 

Percentage of Samples 

having Lead >0.01 mg/L 

Pre-M Post-M Pre-M Post-M 

1 A&N Islands 0 0 0 0.00 0.00 

2 Andhra Pradesh 0 0 0 0.00 0.00 

3 Arunachal Pradesh 15 0 0 0.00 0.00 

4 Assam 155 5 1 3.23 0.65 

5 Bihar 12 0 0 0.00 0.00 

6 Chandigarh 8 0 0 0.00 0.00 

7 Chhattisgarh 0 0 0 0.00 0.00 

8 Delhi 86 8 0 9.30 0.00 

9 Goa 6 0 0 0.00 0.00 

10 Gujarat 0 0 0 0.00 0.00 

11 Haryana 160 0 0 0.00 0.00 

12 Himachal Pradesh 0 0 0 0.00 0.00 

13 Jammu & Kashmir 12 0 0 0.00 0.00 

14 Jharkhand 0 0 0 0.00 0.00 

15 Karnataka 118 1 1 0.85 0.85 

16 Kerala 0 0 0 0.00 0.00 

17 Madhya Pradesh 28 0 0 0.00 0.00 

18 Maharashtra 0 0 0 0.00 0.00 

19 Manipur 3 0 0 0.00 0.00 

20 Meghalaya 38 0 0 0.00 0.00 

21 Mizoram 0 0 0 0.00 0.00 

22 Nagaland 67 0 0 0.00 0.00 

23 Odisha 413 3 12 0.73 2.91 

24 Punjab 296 1 2 0.34 0.68 
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25 Rajasthan 98 2 2 2.04 2.04 

26 Tamil Nadu 286 2 1 0.70 0.35 

27 Telangana 0 0 0 0.00 0.00 

28 Tripura 44 0 0 0.00 0.00 

29 UT of Puducherry 7 0 0 0.00 0.00 

30 Uttar Pradesh 581 2 0 0.34 0.00 

31 Uttarakhand 104 0 1 0.00 0.96 

32 West Bengal 0 0 0 0.00 0.00 

   Total 2537 24 20 0.95 0.79 

  

Figure 32: Spatial Distribution of Lead in Groundwater ς Pre & Post Monsoon, 2024. 

5.2 Remedial Measures for Lead Contamination 

× Filtration Systems: Install activated carbon filters, reverse osmosis systems, or ion exchange 

filters at household and community levels. These systems can effectively remove lead from 

drinking water. 

× Strict Regulations on Industrial Effluents: Enforce stronger regulations on industries and 

encourage them to treat and properly dispose of lead-containing waste. 

× Require lead testing in schools, health centres, and public buildings, particularly those 

with older plumbing systems. 

× Encourage hydrogeochemical mapping to identify natural geogenic lead sources and assess 

long-term risk. 
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× Encourage households to run taps for a short time before use if plumbing systems are 

suspected to contain lead. 

6.0 Zinc 

      Zinc is an essential trace element for human health and is commonly found in natural 

water sources. In groundwater, zinc typically originates from the weathering of zinc-bearing 

minerals, and in some cases, from industrial discharges, galvanization processes, and the use of 

zinc-containing fertilizers and pesticides.  

      While zinc is not considered highly toxic, elevated concentrations can affect water 

quality by imparting an unpleasant taste and causing issues like corrosion of pipes or staining. 

Excessive intake over time may also pose health concerns, particularly in sensitive populations. 

  

Figure 33: Spatial Distribution of Zinc in Groundwater ς Pre & Post Monsoon, 2024. 

     As per the Bureau of Indian Standards (BIS), the acceptable limit for zinc in drinking 

water is 5 mg/L, with a permissible limit of 15 mg/L in the absence of an alternative source.  

A total of 2,988 groundwater samples were analyzed across India during Pre- and Post-Monsoon 2024 

to assess zinc (Zn) concentration in groundwater. The results indicate that zinc levels exceeding the 

permissible limit of 15 mg/L were found in only 0.23% of samples during the Pre-Monsoon and 0.10% 

during the post-monsoon, showing an overall improvement after rainfall. 
























































